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PREFACE. 


TI publiſhing theſe tras of my friend Mr. Benjamin 
Robins, 1 ſhall premiſe ſome account of their author x 
together with ſuch reflexions, chiefly relating to mathe- 
matical ſubjetts, as may occaſionally ariſe. 

This excellent perſon was born at Bath in 1507. As. 
his parents were not wealthy, and alſo quakers, it was 
much feared, leſt the ſurprizing progreſs he had by him- 
ſelf early made in various branches of literature, would 
be interrupted through want of due encouragement ; - 
eſpecially amongſt a people, who profeſs not the ſame 
eſteem, as the reſt of the world, for the learning they 
ſtyle human; ſuppoſing it not requiſite either to the un- 
derſtanding or explaining divine ſubjects . 

However, ſome particular friends of Mr. Robins 
being very deſirous that he might continue his Purſuits, 
and his merit not be loſt in obſcurity ; wiſhed for this 
purpoſe, that be could be properly recommended to teach 
in this town the Mathematicks, which had been one of © 
the principal objets of his ſtudies. With this view 
therefore they communicated to a gentleman here a paper 


dritten by bim, in order to learn what judgment perſons 


of knowledge might make of his abilities. This was 
ſhewn to Dr. Pemberton, abo, thence conceiving a good 


opinion of the writer, for a farther trial of his pro- 


ficiency ſent him ſome problems, of which the Doctor re- 
8 Barcklay's Apology, Prop. x. F 18. | 
| A © quired 
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quired elegant ſolutions, not thoſe founded on algebraical 
calculations ; adding an example of ſuch a ſolution, that 


the young geometer might the more readily comprebend 
bis meaning. An anfwer was returned by Mr. Robins, 
that gave a very advantageous idea of his taſte, as well 


ag invention. 


Upon this he came to London ; where his preſence 
till encreaſed the favburable ſentiments that had been 
entertained of his talents. For beſides his acquaintance 
with divers parts of learning, there was in bim to an 
ingenuous aſpect, joined an atttvity of temper, together 
with a great facility in expreſſing his thoughts with 
clearneſs, brevity, ſtrength and elegance; endowments, 


*ohich do not always accompany ſtudious perſons. Bit 


though Mr. Robins was poſſeſſed of much more ſkill 
than is uſually required in a common teacher; yet being 
very young, it was thought proper, that he ſhould employ 
ſome time in peruſing the beſt writers on the ſublimer parts 
of the mathematicks, before he undertoołk publickly the 

inſtruction of others. In this interval, befides improv- 
ing himſelf in the modern languages, be bad opportunities 


S reading in particular the works of Apollonius, Archi- 


medes, Fermat, Huygens, De Wit, Sluſius, James 
Gregory, Dr. Barrow, Sir Iſaac Newton, Dr. Taylor, 


and Mr. Cotes. Theſe authors be readily underſtood 


without any aſſiſtance ; of which be gave frequent proofs 
to his friends. Amongſt others, one was a demonſtration 
of the laſt propaſition of Sir Iſaac Newton's Treatife on 


 Quadratures, which was thought not undeſerving a 


Place in the Philoſophical Tranſactions *. 
Not long after an occaſion offered for him to exhibit 


to the publick a ſpecimen alſo of his knowledge in natural 
Philoſophy. The Royal Academy of Sciences at Paris 


bad propoſed amongſt their prize queſtions, to demonſtrate - 
the laws of motion in bodies impinging on one another F. 


The celebrated M. John Bernoulli here condeſcended to 


has For 1727. * 9. 397+ ? In 1724 and 1726. 
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Be a candidate; and though bis Diſſertation oft the re- 


ward, be appealed to the learned world by printirg it &. 
He therein endeavoured to eftabliſh M. Leibnitz's opinion 
of the force of bodies in motion from the effets of their 


 firiking againſt ſpringing materials; as Signor Poleni 


had before attempted to evince the ſame thing from ex- 
periments of bodies falling on ſoft and yielding ſubſtances. 
But as the inſufficiency of Signor Poleni's arguments had 
formerly been demonſtrated + ; ſo Mr. Robins publiſped 
in a journal, called The preſent State of the Republick 
of Letters Þ, an unanſwerab.e confutation of M. Ber- 
noulli's performance. | EC, 

It may indeed ſeem ſtrange, that # mere tyro ſhould 
thus. overcome ſo redoubted a veteran. But though 
M. Bernoulli muſt be allowed to have had à confi- 
derable ſhare of invention in pure mathematicks ; yet, 
when any phy/ical cauſe intervened, he ſeldom cou'd 
avoid falſe reaſonings; being deficient in that diſtintt- 
neſs of conception, fo neceſſary for ſecuring againſt trror 


in theſe more complex ſubjefts, and which was poſſeſſed 


by Mr. Robins in @ ſupreme depree. | 
Now the recommendations of his friends, ſupported 
by ſuch anthentick teſtimonies of his abilities, ſoon pro- 
cured bim many ſcholars; amongſt theſe, ſeceral were of 
real genius, who at preſent make an eminent figare in 
publick affairs. Phe CR” 
But it may be Bere obſerved, that about this time be 
quitted the peculiar garb and profeſſion of a qitater ; for 
not having the leaſt tindture of obſtinacy, ſuperſtition ci 
enthuſiaſm in his nature; he ſoon got over the prejudices 
of education, and had an utter avenſion to aft a Felpned 
part. However, be continued 10 cultivate a friendſhip 
with ſeveral deſerving ox ww of that perſuafion , nol 
| all times, and in all plates, thert 
have been great numbers of learning, ſagacity, and even 


DDiſcours ſur les loix de la communication du Mouvement. 
Par M. Bernoulli à Paris 1727. T Philoſophical Tranſac- 
tions in 1722. Ne 371. t For May 2 
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boneſiy too, who through the force of early impreſſions 


and a certain caſt of temper, have made moſt palpable 
abſurdities the objetts of their faith. 


Mr. Robins's way of inſtructing was generally ſimi- 
lar to the courſe, he had followed himſelf ; but as he only 
taught perſons ſingly, and not in claſſes, it was in his 
Power to vary bis method accerding to the capacity or 
intention of each learner. However he always began 
with the Elements of Euclide, not as interpolated by 
Campanus and Clavius, or anatomiſed by Herigone 
and Barrow, or depraved by Tacquet and Dechalles ; 
but according to the original handed down to us by an- 
tiquity ; much leſs did be uſe any of the new modelled 
Elements, that at preſent every where abound. 


By what is here ſaid, I would not be underſtood to 


di Made the conſulting Clavius's Euclide at à proper 
time ; for as in it there is nothing inconſiſtent with the 


ſt1 ineſs of demonſtration, ſo it contains many curious 
particulars relating to geometry. And indeed the con- 


trated form, into which Dr. Barrow bas reduced 
_ the Elements, may be of uſe for refreſhing the memory, 

| after the criginal has been well conſidered ,, the ſame 
judgment may be paſſed on bis Archimedes, Apollonius 
and T heodofius. 


For want of ſuch a beginning in his ſtudies, many a 


mathematician, who has acquired no ſmall fame, has 
been altogether incapable of framing a ſynthetic demon- 


ſtration, as it ought to be, or even of readily compre- 
ending one ſo conſtituted ; but would be apt, though it 


had all the perfections poſſible, to imagine it tedious and 


obſcure, through bis not being acquainted with the genuine 


expreſſion of the true geometry. Hence the wttings of 
great part cf the moderns on mathematical ſubjects 
abound with inartificial computations. The conſidera- 
tion of which led Mr. Robins often lo repeat a ſaying 
of that elegant writer Joannes della Faille: Mathema- 
tica multi ſciunt, matheſin pauci * 
De W 5 Cireul. & Ellip, in the preface. 
| 8 
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Amongſt Mr. Robins g. ſcholars, ſuch as went after- 
wards to Cambridge, in order to qualify themſelves for 
ene of the learned profeſſions, were wont, as is the 
cuſtom of young men, frequently to enter into warm 
conteſts with the diſciples of Mr. Profeſſor Saunderſon, 
that gentleman uſing there a very different method of 
inſtruction. And indeed I have met with ingenious 
perſons, who, though they allowed Euclide's Elements 
to be the perfecteſt book of the kind ; vet did not think 
it the moſt proper introduction for the generality of 
ſtudents, at leaſt when ranged in claſſes, the way of 
teaching principally followed in univerſities ; but the 
contrary of this opinion appears to be true from the 
conſtant and very ſucceſsful practice of the late famous 
Mr. Maclaurin, who, I obſerved with pleaſure, always 
begun his academical courſes with the Elements of 
Euclide *. 
And theſe Elements well deſerve to be careful] iy con- 


 fadered even by ſuch as do not intend to devote much of 


their time to mathematical ſpeculations; for they are 


more uſeful, in order to acquire a habit of ſtrict reaſoning, 


than the moſt laboured ſyſtems of logic: that art owing 
in great meaſure its original, and indeed being beſt fitted 
fer making formal anſwers, to the childiſh and riaiculous 


cConceits of thoſe quibbling ſophiſts, whoſe impertinence 


Plato has ſo juſtly expoſed ; appears ſo far from being 
the moſt natural means of * and judging of 
truth, that the great maſier F of the art uſelf was @ + 
very bad reaſoner. | 
The two chief grounds of falſe reaſoning are ambi- 
guilty in the uſe of words and printiples haſtily taken 
up; ſcarce any one ever offending againſt the rwes f 
mode and figure in ſyllogiſms. But the ſureſt defence 
againſt theſe two grounds of error, is exerciſing the mind 
in ſubjefts, where a courſe of reaſoning is follotped free 


From perplexity in the terms, and diſintangled from un- 


. * See his Life before his Account of Sir Jae Nerv,, 
Philoſophical Diſcoveries. f Ariſtotle. 


certainty 


certainty in the principles ; by which wwe may gain a habit 
of diſtinguiſhing between perfect reaſoning and whatever 
in different degrees takes only the appearance of it. | 
uclide in his Elements bas the advantage of a ſub- 
gee, the ſimplicity of which keeps it almoſt neceſſarily 
free from any ambiguity of terms, and his demonſtrations 
are conducted with the moſt expreſs defign of reducing 
the principles aſſumed to the feweſt number and moſt 
evident, that might be; and in à method the moſt na- 
tural, as it is the moſt conducive towards a juſt and com- 
pleat comprebenſion of the ſubjef?, by beginning with 
ſuch particulars, as are moſt eaſily conceived, and flow 
moſt readily from the principles laid down, thence by 
gradually proceeding to ſuch as are more obſcure, and 
require a longer chain of argument. 5 
And this great regard to perſpicuity in the method 
and form of reaſoning was ſo peculiarly the charatteriſtick 
of the moſt ancient geometers, that Mr. Robins choſe 
zo initiate thoſe under his inſtruction in the Elements of 
the conicks by Apollonius in preference to any modern 
TR aut bor. | 5 
. To ſuch as bad a talent for invention, be recommended 
| 1 the geometrical analyſis of the ancients on account of its 
elegance, which muſt be allowed in many caſes by the moſt 
profeſs admirers of algebra. Even M. d' Alembert 
acknowledges, —il y a des cas on Puſage de PAnalyſe 


1 means algebra] loin d' abrẽger les demonſtrations, 

| es rendroit au contraire plus embaraſſtes. De ce 

'| nombre ſont entr' autres pluſieurs problemes ou 

ii theoremes, on il s'agit de comparer des angles en- 

| tr'eux . And Dr. Halley, though he bad formerly 

[| beſtowed the higheſt encomiums on algebra t, yet ben 
4 he became acquainted with the geometrical analyſis, gave 
1 this the preference, ſaying, Methodus hæc cum algebra 
x ſpeciosa facilitate contendit, evidentia vero et demon- 
1 ſtrationum elegantia eam longe ſuperare videtur : ande 
| * Encyclopedie, Tom. I. p. 551. hiloſophical = 
: Tranſitions. Ne 205. ; 2 8 . . 2 
| | | afterwards 
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afterwards be adds, Verum perpendendum eſt, aliud 
eſſe problema aliqualiter reſolutum dare, quod modis 
varlis plerumque fieri poteſt; aliud methodo elegan- 
kiſſimã id ipſum efficere; analyſi breviſſima et ſimul 
Þ perſpieua, ſyntheſi concinna et minime operoga. 
1 oc veteres præſtitiſſe argumente eſt Apollonii 
AF liber, quem impræſentiarum tibi ſiſtimus *. _ 

I As to the principles of algebra Mr. Robins uſed to 
F deliver ſhart precepts of bis own, free fromthe imri- 
1 cacies and miſconceptions, by which the generality of 


1 writers had obſcured a matter in itſelf very plain and 

3 eaſy to be comprebended. The interpreting the terins o 

3 affirmative and negative, which in reality expreſſed only 

p | the relation of one quantity to another, as imp hing forme 

3 abſolute quality in the quantities to which they are pre- 

* KB fixed, has occaſioned all that air of myſtery, by which 5 
Tiuaarners are ſo unneceſſarily perplexed. As a flagrant 3 
1 proof of this, ſee the very extraordinary account of + 


Z affirmative and negative quantities in Dr. Saunderſon's 

3 voluminous Treatiſe of Algebra, p. 50 and 56: 

4» Mr. Robins explained the doctrine of fluxions, and 
5 <vbat is uſually fyled the ſublime geometry, after a clear 
I and genuine manner; not having the leaſt reconrſe to 
| 1 _ #he abſurd notion of indiviſibles or infinite/imals, but as 

wy it is delivered truly, though very briefly, by its great 
| 1 inventor in the introduction to his admirable treatiſe on 


| _ guddratures. What a crude idea the ſame Dr. Saun- 

derſon gave bis ſcholars of theſe ſpeculations, before 
Mr. Robins had publiſhed an explanation of them, 
appears from bis poſthumous piece, called The Method 
of Fluxigns, printed at London in 1756. 

1 ſhall not proceed to deſcribe Mr. Robins's way of 
inſtrufting in the ſeveral branches of mixt mathemalicks; 
whereof he was a moſt perfect maſter, and on which be 
could deliver himſelf with the utmoſt clearneſs.. IT ſhall 
only obſerve, that as he well grounded his ſchotars in true 
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geometry; it was eaſy for him to inform them of the 
prattical parts in a more ſcientific manner, than they 
are handled in the vulgar treatiſes. 

' The modern authors, Mr. Robins chiefly valued, 
were ſuch, as approached the neareſt in their manner of 
writing to that of the ancients. Amongſt theſe the great 
Huygens ſtands in the firſt place. But thoſe, who had 
the care of publiſhing his poſthumous works, ſeem to 
have been of a different opinion; when they tell us, 
they once had thoughts of changing his real demonſira- 
tions into algebraical calculations] | 

Mr. Robins alſo had the higheſt eſteem for Dr. 
Barrow's lectures, and recommended them uſually to his 
ſcholars for in thoſe, that treat of the mathematicks 
in general, they would find amongſt other excellent things 
concerning the nature and principles of the ſcience, a 

' Juſt defence of Euclide, and a full explanation of his 
idea of proportionality ; and as the ſubject is handled in 
a popular manner, ſo the author, beſides ſhewing much 
i real learning and exquiſite choice in his authorities, bas 
wo not only ſupported his peculiar ſentiments with great 


„ ſubtiliy of reaſon, but alſo aderned his diſcourſe by a 
I maſculine and true eloquence. 

\ In his optical lectures they would ſee the principles of 
[| | qa | 

L | catoptricts and diopticks fet forth in the compleateſt 
L manner. There the aftual interſeftions are determined, 


which the rays of light iſſuing from any point of an 

| _ objet after reflection or refraction make with each other, 

1 . as alſo the limits of thoſe interſections, and how the 1 
| rays, the nearer they approach thoſe limits, are more and 1 

1 more conſtipated; swhence ſuch limits are called the foci, 
| | as the line paſſing through them all has been ſince named 

| the cauftic*. Next the author finds the principal foci in 


* This Dr. Barrow determined in circles only; his ſucceſſor 1 
| | in circles and in other curves by means of the radius of curva- 1 
1 ture. See Barrow's Optics, Lect. xiii. Art. 25, 26. Newton's 1 
1 | Optical Lectures, Part. I. Sect. iv. Prop. 32, 33. and his Trea- F 
if tiſe of Series and Fluxions, Prob. v. §. 70. | 2 
1 | | | | differ ent 1 
| 3 
l I 
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different lens's. Afterwards be treats in general of the 
apparent magnitudes of objetts, and then particularly 
aſſigns the images of plane ſurfaces. The whole is inter- 
mixed with ſeveral curious propoſitions in geometry, and 
confirmed by moſt accurate demonſtrations, which bave 
been praiſed as ſuch by Sir Iſaac Newton bimfelf * ; ̃ 
who ſuppoſed his auditors well acquainted with theſe 
lectures of his predeceſſor, in order to underſtand 
perfectly the ſublime diſcoveries, he was delivering to 
them. | Ss | 

Dr. Barrow's geometrical lefiures alſo exhibit great 
marks of genius and invention. He there at the be- 
ginning diſcourſes briefly yet clearly about motion and 
time; then ſhews from curves being generated by motion, 
how are deduced ſeveral of their general properties. 
Next he determines the tangents and areas of curves; 
inſerting many curious propoſitions of different kinds, as 
concerning the tangents and ſecants of the circle, the 
conic ſuperficies, &c. and in his laſt lecture be ſhews, 
how to determine the limits of equations, better than 
bad been done before, or even ſince. | 

Jam the more particular in relation to the works of 
this great man, as 1 think, they are too little at preſent 
regarded; and I ſhall farther ſtrengtben mine and 
Mr. Robins's thoughts of them by adding, to Sir Iſaac 
Newton's judgment of the opticks above quoted, the 
teſtimony of the famous James Gregory concerning both 
the optical and geometrical lectures; the Doctor's ma- 
thematical lefures not having been printed in his or 
Mr. Gregory's. life-time. This excellent mathemati- 
cian, though he had written profoundly on the very ſame 
ſubjects; yet in his letters to his friend Mr. Collins, 
thus candidly gives his opinion. Mr. Barrow in his op- 


ticks ſheweth himſelf a moſt ſubtle geometer, ſo that 

* —cum Diſſertationes, quas Hic non ita pridem audiviſtis, tantã 
rerum opticarum Tarietate, novarum copia, et accuratiſſimis earundem 
demonſtrationibus fuerint compoſite 3——. Newton's Lect. Optic. 
at the beginning. 1 


\\ 
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I think him fuperior to any, that I ever looked upon. 
1 long exceedingly to fee his geometrical lectures, 
eſpecially becauſe 1 have ſome notions upon that ſame 
ſubject by me. I intreat you to fend them to me 
preſently, as they come from the preſs, for J efteem 


the author more than you can eaſily imagine ®. And 


Mr. Gregory's expectations were nos in the leaſt diſap- 
pointed; for having received thoſe lectures, he writes 
Mr. Collins word, Barrovii ¶ Geometricas] Lectiones 
ſumma cum voluptate et attentione perlegi; atque 


omnes qui unquam hiſce de rebus ie infinito 


intervallo ſuperaſſe comperio . 
Ineed not mention Mr. Robins's opinion of Sir Iſaac 
Newton; /ince he has had occaſion to declare it ſo often 


in the following tradis. And indeed Sir Iſaac Newton's 
fame ſeems at preſent to bave ſurmounted all oppoſition. 


The philoſephers. of a neighbouring nation acknawledge 
his merit. Though they bad for years quite averlooked 


bis book of vpticks ; yet now they ſpeak of it in the 


higheſt terms I. And they res, at ; uh adopted at- 


tradlion under the name of univerſal gravitation; which 
they had long rejected as an occult quality, on account its 


cauſe is not diſcovered. They 25 as well have neg- 
lected the confideration of the laws of motion; becauſe 
it is not known, why motion ariſes from the colll Hon of 
bodies ; cr the contemplation of the effects of light, as 
it has not been found out, whether it is owing 10 beams 
darted immediately from the luminous object, or ta im- 
preſſions made on a ſurrqunding medium, or to ſome more 
latent cauſe, It is the Gu neſs of the true philoſopby to 
explore the moſt fimple cauſes, and from their combina- 
tions to account for the various phenomena in nature. 
But all the objecticns, that could be raiſed againſt this 

true way of philsſophiſing, Sir Iſaac Newton had pre- 


* Dr. Ward's Lives of the Profeſſors of Greſbam- College, p. 161. 
+ Commercium Epiſtolicum, p. 95. t Ouvrage vraiment 
digne de Padmiration de tous les frecles. Hiſtory of the Royal 
Academy of Sciences at Paris for 1752. p. 134. 
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viouſſy obviated in bis works. Of this they ſeem at laſt 
to be ſenſible, from having conſidered them more atten- 


tively * ; and accordingly they are attempting to make 
improvements on his principles. 

1 am very ſenſible the exacineſs of my friend in 
teaching is lighted by ſome profeſſors ; they recommending 
Pardies, Sturmius, and 9ther ſpalloꝛ authors, as better 
calculated for the bumours of many, who, ſince theſe 
ſpeculations have been ſo much in reputation, would 


TE gladly acquire, at little expence of time and thought, a 


ſmattering acquaintance with them. | 
Though ſuch empirical methods have prevailed amongſt 
the ſuperficial and half taught ; I wiſh they may not be 
countenanced in our publick ſchools. I hope that univer- 
ſity, which bas been ſo renowned for the mathematicks, 
and all forts of ſound literature, will ever diſdain theſe 
low and imperfect ways of inſtruction in every kind of 
e and that the great examples of a Spenſer 
and a Milton, of 4 Bacon and a Harvey, of a Barrow 
and à Newton, with numberleſs others, will always in- 
ſpire its ſtudents with the laudable ambition of following 
theſe their predeceſſors in the ſame path to glory and im- 


mortality. Not leſs ardent are my wiſhes for the pro- 


ſperity of our other univerſity, whoſe learned. members 
have ſpread far its fame in all ages; not only in the 
times fince the revival of real ſcience , but even when 


the weſtern world lay covered under groſs ignorance, 


there ſhone out at Oxford from amidſt that thick cloud 
of darkneſs bright genius's, whoſe works in manuſcript, 
as teſtimonies of their ſingular merit, are ſtill preſerved 
in the famous Bodleyan Library. And ſurely the il. 
liberal and mechanick methad of teaching theſe moſt per- 


fect arts will never gain ground in a ſeat of learning, 


whoſe profeſſors, as a caution againſt this innovation, 
have already obliged the lovers of theſe ſciences with 


* Memoirs of che Royal Academy of Arts and Sciences at 
Paris 1745. p. 329. | 
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editions of Euclide and Apollonius, of Theodoſius and 
| Menelaus. As that uſeful undertaking was begun by the 


encouragement of the excellent Dean Aldrich *; ſo it ts 
to be hoped, the preſent worthy governors of this uni- 
verſity may procure the publiſhing the reſt of the ancient 


 maihematicians. It was the multiplicity of Dr. Halley's 
avocations alone, that hindered him for letting us have 


Pappus in the original; on reviſing which uſeful author 
Be had beſtowed pains equal to his great knowledge and 
ſagacity. 

And here I cannot help declaring the ſatisfaction, 
Mr. Robins always expreſſed on obſerving the progreſs 
a true taſte fer real geometry made in Scotland. The 
mathematical ſciences have indeed been well cultivated 
by that learned nation. To a Scotchman, the Lord 
Napeir, we are bebolden not only for the admirable in- 
vention of logarithms r., and their application to tri- 
gonometry; but alſo for other very valuable improvements 
be bas made in that moſt uſeful art, and probably bis ill 
Hate of health hindered his making farther diſcoveries. 
The incomparable James Gregory was likewiſe of that 
country, whoſe riſing merit ſeems to have given umbrage 
even to the great Huygens ; end whoſe immature 
death was an irreparable loſs to the mathematical world 


* 'This learned perſon in his Artis logice Compendium defended 
Euclide trom the objections contained in a logic called P Art de 
Pen, + The Lord Napeir was not only the inventor 
of tne Syſtem of Logarithms, publiſhed by himſelf, but alſo the 
author of that improved plan, which our countryman Mr. Briggs; 
with immenſe labour, put in execution, though Dr. 1 
in his confuſed account of logarithms publiſhed in his Algebra, 
F. 392, has ſubſcribed to the miſtake, firſt propagated by Mr. 
Mingate and commonly prevailing, that Mr. Briggs contrived 
his form ; notwithſtanding Mr. Briggs himſelf ſays expreſly in 
the preface to his Arithmetica Logarithmica, that the form of 
logarithms, he computed, was communicated to him by the 
moſt noble inventor. t See their diſputes in the years 
1668, 1669, about the quadrature of the circle and hyperbola 
in the Journal des Sgavans and Philofophical Tranſactions, as alſo 
in Mr. Gregory's Exercitationes Geometrice, What was ſaid in 


for | 


that tract ſeems to have ſilenced M. Huygens. 
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for which loſs, I have been informed, Sir liaac Newton 


uſed always to ſhe very ſenſible tokens of griet, when-. 


ever Mr. Gregory's nam? happened to be mentioned ta 

Ain. | 8 5 
In the manner above recommended, were my friends 

younger days employed in promoting the know!/edge of 


5 a '* 0» Ry” . 
' theſe ſciences; whoſe aid is in ſome meaſure required for 


eftabliſhing even the firſt foundations of civil jocie'y, as 
the property of each individual of the community mujt 
be aſcertained in number, meaſure and weight. Shs 

Beſides, theſe ſciences have greatly cont: ibuted to thoſe 
arts, whereby the en;oyments of human life are rendered 
more elegant and refined. = 
The ſymmetry neceſſary to be obſerved whether in rear- 
ing edifices for defence as well as ernament, or in de- 


I ' Iineating the forms of viſible objects, is aliogetber owing 


to theſe ſciences. | 

Nay, by theſe the very elements, whereby wwe ſub5/t, 
are many other ways rendered capable of ſupp qu cur 
wants and adminiſtering to our pleaſures. U'der them, 
even mufick is ranked; as its various tones ariſe from 


the different vibrations made in the air, by the regular 


proportions of which, concords are diſtin: uiſhed | +0: 
diſcordant ſounds. The influence of this art on the 
human mind, thereby poliſhing mankind, has been at all 
times celebrated; and it has been practiſed by the greuteſt 
heroes of antiquity, both ſacred and profane; and the 
oldeſt ſyſtem ef government and religion, we know of, 
adopted it in the worſhip paid to the Supreme Being. 


The firmament expanded on all ſides over our heads, 


whether iiluminated by the ſplendor of the ſun, or 
adorned with the milder lights of the moon and ſtars, muj? 


ever have drawn the attention of a mind capable of 
reflecting: and theſe ſciences, by aſſiduous mY careſul 
obſervations, have enabled us to ſettle the motions, and 
to account fer and predict the various appearances of 
the objects, we there deſcry. Hence we Nan te 
eturns of the ſegſons, on which agriculture depends; 


= { a number 


rr Ack. 


4 number and, as it were, fix the fleeting parts of time; 
* | and meaſure, divide and compaſs this globe, on which 
8 w0ꝙpe live. By theſe means we become, in ſome manner, 
4 familiar, not only with our contemporary fellow inhabi- 
5 : - . G . h 

13 tants in far diſtant climes; but alſo with thoſe who 
il, h exiſted in. ages long ſince paſs. Thus the human mind is 


: | kept clear of many extravagant and hurtful prejudices, 
which it would be too apt to imbibe, on our having only 
a ſcanty acquaintance with our own ſpecies. And the 
| being able to determine the times, when eclipſes will 
5 happen, and the knowledge of the courſes of comets, 
have freed us from the terrors, that uſed to affright 
whole nations, ignorant of the cauſes of thoſe once 
alarming phenomena. 5 To. 
Again, from very trivial obſervations, by help of the 
mathematicks, have been drawn moſt wonderful con- 
cluſions. 5 To = 1 
The obvious property of the common ballance, and 
the floating of ſolid ſubſtances in fluids, have given riſe 
to arts, that have produced magnificent and ſtupendious 
works. | | 
The broken appearance of an oar in the water, which 
inſtance, the academics in their idle diſputations ſo per- 
tinaciouſly urged againſt the certainty of human know- 
ledge *, the mathematicians have laid hold of, and 
- thence found out, not only the manner wherein viſion is 
perfermed, but how to improve that faculty; as alſo the 
ſurprizing properties of light, whereby objects are pre- 
ſented to us in ſuch a beautiful variety of colours; and 
even determined the magnitudes of the particles in mat- 
ter, that are diſpoſed to reflect or refract different co- 
loured rays. © ET : 
From bodies being attracted by the earth (for they fall 
to it on every fide) has been diſcovered the law of that 
power, to which all portions of matter, wherever placed, 
do ſubmit ;, and how thence the celeſtial bodies are kept 
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in their order, and perform through the boundleſs ſpace 
their reſpective courſes. Hence the ſtructure of the uni- 
werſe offered to us in this view, wherein we have learnt, 
that its different parts, even the moſt remote, are all 
governed ſo compleatly by one and the ſame fimple princi- 


ple, muſt inſpire a juſt and awful idea of its moſt power= 


ful, wiſe and beneficent author; and baniſh from our 
minds every unworthy conception of him, that ſuper- 
ſtition and enthuſiaſm may ſuggeſt. 

Beſides theſe apparent advantages accruing to mankind 
from cultivating the mathematical ſciences, the many 
ſteps of pure reaſoning, that are gone through in the 
progreſs of knowledge from the moſt obvious affections of 
magnitude to the admirable properties, that are now 


diſcovered, ſince theſe ſciences have been ſo happily applied 


to the ſtudy of nature, muſt afford an exquiſite pleaſure 
to @ mind duly adapted for ſuch reſearches. And perhaps 
in theſe mental ſatisfactions is to be found our ſupreme 
Felicity. But as we are of different tempers, ſo that 
what delights one, appears inſipid to another ; it is too 
frequent a failing even amongſt perſons of true learning 
and genius to overrate their own purſuits, and contemn . 
thoſe of others . But it is the buſineſs of experience 
and reflexion to wean us of theſe unreaſonable prepoſſeſ- 

ſions, whereby we may become more cauticus in paſſing _ 
too raſh a judgment on ſubjetts generally allowed to be 


uſeful, and which we flight chiefly ; becauſe we have 


not maturely conſidered them, or perhaps have wanted 
talents to make ſuch inguiries. | 
It has indeed been frequent at all times even for wri- 


ters, not deſpiſing any branch of learning, yet in praiſing 


the art, in which they excelled, to undervalue in ſome 
meaſure that of others. Thus long ago, though Cicero 
in many places of his works ſpeaks highly in commenda- 
tion of the mathematics; yet at the beginning of bis 


* Eodem modo de Ariſtotele et Iſocrate judico quorum uter- 


que ſao ſtudio delectatus contempſit alterum. Cic. Offic. at the 


beginning, | | 
bY | '©S treatiſe 


at EE Le 
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r. 
treatiſe De Oratore, where he would exalt his own 
profeſſion, by ſhewing how few had attained perfection in 
it, has theſe words. Quis ignorat, ii, qui mathema- 
tici vocantur, quanta in obſcuritate rerum et quam 
recondita in arte, et multiplici, ſubtilique verſentur ? 
quo tamen in genere ita multi perfecti homines ex- 
ſtiterunt, ut nemo ferè ſtuduiſſe ei ſcientiæ vehemen- 
tius videatur, quin, quod voluerit, conſecutus ſit. 
And but the other day a moſt celebrated author, who at 
times has treated the mathematicks very civilly; yet in 
ſetting forth the difficulty of his own happy talent, bas 
thought fit to ſay ; il eſt aiſe d'apprendre la trigono- 
mẽtrie . But theſe writers have not in this caſe, as 
they ought, taken care in making theſe ſorts of compari- 
ſons, to diſtinguiſh between ſuch, as had acquired a 
knowledge only in theſe arts, and ſuch as have produced 
diſcoveries. There have been but few Archimedes's 
and Newtons: though it may not be difficult to under- 
ftand trigonometry; it is not ſo common to make real and 
elegant improvements in that, or in any other branch of 
the mathematicks. - 5 | | 
In thus apologizing for my friend's profeſſion, I would 
not be underſtood not to entertain a due eſteem for other 
parts of learning, or in the leaſt to place the matbhema- 
ticks in competition with them. ; 
After what bas been ſaid, it would be needleſs to take 
notice of ſuch, as without any taſte, and being wretched 
reaſoners, have ſpoke with contempt of the mathematicks. 
Thus Joleph Scaliger, when convicted by Clavius of 
the groſs parallogiſms, he had committed in attempting 
to ſquare the circle, not only abuſed his monitor, but his 
vanity rendered bim ridiculous enough as to aſſert præ- 
clarum ingenium non poteſt eſſe magnus mathema- 
ticus ; and on a like account this ſelf-ſufficient critick, 
ſtyled our all accompliſhed Sir Henry Savile, un certain 


2 Preface to a comedy called Le Caffe ow J. Eegſſaiſe, p. ix. 
printed in 1766. + Scaligerana article Clavius. 


orgueilleux 
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orgueilleux ſot *®. But that learned knight, ub had 
been thoroughly acquainted at Paris with Scaliger's 
failings in point of - reaſoning, afterwards gave his real 
character in his Prelections on Euclide . 

From the above weakneſſes of mind Mr. Robins 
ſeemed lo be exempt by nature ; having been endued with 
a capacity fitted for very different ſpeculations. Hence, 
though be profeſſed teaching the mathematicks only, be 
would however ſometimes aſſiſt particular friends in 
other parts of knowledge; for he was well qualified to 
point out the real beauties of writers in all ſorts of po- 
lite learning, and alſo the excellencies in the performances 
of great artiſts, as his taſte and judgment were not 
limited to a ſingle ſubjef? alone, but extended equally to 
hiſtory, oratory, poetry, mufick, architecture, ſculpture, 
painting, and works of genius and invention in every 
kind. — | 

Notwithſtanding he was thus fraught with variety of 
knowledge ; he never made any oftentatious uſe of it; 


Bis converſation being always lively and entertaining, 


generally on gay and joyous ſubjefts, without the leaſt 
mixture of pedantry or affectation of any fort. How- 
ever, when a proper occaſion preſented, be could explain 
himſelf on the moſt abſtruſe points with great. clearneſs 
and ſtrength both of reaſon and expreſſion. 

But the confinement in his profeſſion not ſuiting with 


| bis aftive diſpoſition, he gradually declined it, and went 


into other courſes of life, that required more exerciſe ; 
for which he was fitly adapted, as being of a midale 
ſtature, well made, and not corpulent. Hence be tried 
many laborious experiments in gunnery ; believing the 
reſiſtance of the air had a much greater influence on 


 feift projectiles, than was generally ſuppoſed. Hence 


he was led to conſider thoſe mechanick arts, that depended 
on mathematical principles, wherein he might impley bis 


„ Scaligerana article Caſaubon. 1 Led. f. p. 22, 
Lect. iv. P · 7 3» and Lect. xii. at the end. i 
5 5 a 3 invention; 


1 arts a 
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invention; as the conſtructing of mills, the building of 


bridges, draining of fens, rendering rivers navigable, 
and making of harbours. In which inquiries he re- 
ceived conſiderable advantages ſrom a very early acquain- 
tance with William Ockencen, i; who having a 


peculiar genius for ſuch ſpeculations, and a moſt intimate 


friendſhip always ſubſiſting between them, they mutually 
improved each other by a conſt ant communication of their 
thoughts and «bſervations on "theſe fubjefts. 

Amongſt other arts of this kind fortification very 
much engaged Mr. Robins's attention; wherein he met 
with opportunities of perfeftting himſelf by the view of 
the principal firong places of Flanders, in ſome journeys 
be made abroad with perſons of diſtinction and for- 
zune. | 

On his return home from one of theſe excurſions, he 
found the learned here amuſed with a treatiſe, written 
expreſly againſt the mathematicians, intitled The Analyſt. 
This was the production of Dr. Berkley, biſhop of 
Cloyne; who had been long famous for vain and me- 
taphyfical paradoxes; and his obections to Sir Iſaac 
Newton aroſe chiefly from his not underſtanding the 
writs? "gs of that great man. 

Mr. Robins therefore was adv i/ed to clear up this 
affair, by giving a full and diſtinct account of Sir Iſaac 
Newton's doctrines in ſuch a manner, as to obviate all 
the objections, without naming them, that bad been 
advanced by the author of the Analyſt; ſo that 
there need no recourſe be had to the 22 s book 
to underſtand the ſulject, and alſo that be himſelf, 
if poſſible, might ſee the weakneſs of what he bad, 
with ſuch an air of aſſurance, urged ; accordingly 


Mr. Robins printed in 17383: A Diſcourſe con- 
cerning the Nature and Certainty of Sir Jaac Newton's 


Methods of Fluxions, and of prime and ultimate 
Ratios. 


This ſmall tract is admirable, on account of its clear» 


Ti wards | 
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ſecuted in the abovementioned journal, 


PRE F AG i aw 
Towards the illuſtrating the nature of fluxions, it is 
there at the beginning obſerved, that as the fluxion of a 


tine is the velocity or degree of ſwiftneſs of a point 


deſcribing in its motion that line; ſo the fluxions of 
ſurfaces and ſolids may be expreſſed by the velocities of 
points deſcribing lines, that increaſe proportionally with 
thoſe quantities. e 

Next the fundamental properties of fluxions are 
demonſtrated after the manner of the ancients in the 


moſt rigid form; and it is ſhewn how to apply them 


to the determining the tangents and areas of curves. 


Then 1s given a full and clear account of the ſeveral or- 


ders of fluxions, or the variations in the velocities of 
increaſing and decreaſing ; and the uſe of ſecond fluxions 
is illuſtrated in the inveſtigating from a new conſideration 
the curvature of curves. As here in demonſirating 
the fluxion of a power Sir Iſaac Newton's Binomial 
Theorem is introduced; ſo in the Preſent State of the 
Republick of Letters for October 1735, Zhere is 
publiſhed a demonſtration of it independent on that 
theorem. 3 | 
After follows a very diſtinct relation of Sir Iſaac 
Newton's method of prime and ultimate ratios, and 
how it may be applied to the purpoſes, for which it bad 
been ſhewn, fluxions might be uſed ; and there is given 
another new way of determining the curvature of 
curves. Here is fully made out the connexion between 
this method and that of the ancient geometers, called 
er hauſtions; ſo that it may be of no ſmall ſervice to 
young mathematicians, for their more ready perceiving ths 


force of the demonſtrations in the Principia. 


The laſt part illuſtrates Sir Iſaac Newton's way of 
computing the fluxions of quantities; concluding with an 
explanation of what be had delivered concerning their 
Momenta. And this particular is ſtill farther pro- 

Notwithſtanding this tract was written with the 
greateſt perſpicuity, compleatly explaining the genuine 
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ſerſe of Sir Iſaac Newton's dolirines; yet there were 
found ſome, who were not ſatisfied with what Mr. Ro- 
bins had publiſhed. 

Aud this was the leſs to be wondered at; ſince many 
of our mathematicians having firſt learnt to apply the 
computations of this method to geometrica! figures from 
the Marquis de PHopital's Analyſe des infiniment 
petits, they were inſen/ibly infected with the principles of 
inſinites followed in that bark. 

One amonzF theſe, who under the name of Philalethes 
Cantabrigienlis, bad on this wrong foundation under- 
Faken the deſen ce of the mathemalicians againſt the author 
of the Analyſt, continued to maintain "Bis miſtaken re- 

efeniation. This induced my friend to write two or 
three additicnal d. ſccurſes; which, as they may poſſibly 

contribute ts the cafe 7er apprebending Sir Iſaac Newton's 
genuine meaning, 1 have here reprinted. The ſubſe 
quent f eeviſo 17 ungentleman-like ſeiſts, Philalethes 
condeſcended io, raiher than acquirſce in Mr. Robins's 
ſuperior knowledge, I would gladly have paſſed over in 
flence , had not I fourd Mr. Robins highly blamed by 
M. de Buffon, in the Preface to a French tranſlation 
of Sir Iſaac Newton's Method of Series and Fluxions. 
T bave thereſere endeavoured at a vindication of my 


friend. But as this end now carry me 100 far from 


the deſen of the preſent preſace, I bade given it with 
other things in an Appendix to the following tracts. 
In 1738 be d fended Sir Iſaac Newton againſt an 
objeckion contained in a note at the end of a tradt in 
Latin called Matho five Coſmotheoria puerilis, writ- 
Jen by ene Mr. Baxter, wio had before publiſhed no 
ſmall volume concerning the ſou! ] But what ought we to 
think of this man's capacity for reaſoning, wwho could 
not ſee bis error in a mathematical ſubjef, though it 
had been ſo plainly ſhewn bim; as we learn by an en- 
larged edition he afterwards made of his Matho in 
Engliſh, that he ſtill perſevered i in bis tale? ?. 
And 
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And indeed the world has never wanted preſumi 75 

men, that fancied tbemſelves able to diſcuſs inexplicable 
points; yet when they have attempted ſuch as are capa- 
ble of demonſtration, they have manifeſted their deficiency 
in reaſening. It is true, the greateſt genius may through 
inattention fall into parallogiſms even in geometry. But 
here lies the difference. The one on the leaſt bint given 
of ſuch a flip, readily of himſelf refifies it; but the 


_ other, if you offer to ſet him right, only flounders on in 


his errors, being not able 10 comprehend the force of your 
objellions however clear urged, nor at length even bis 
own meaning, having never had a juſt idea of ab. 
ject he unadviſedly undertook. . | 
Mr. Robins printed in 1739, Remarks on M. 
Euler's Treatiſe of Motion, and on the Compleat 
Syſtem of Opticks, written by Dr. Smith, the preſent 


worthy maſter of Trinity-College in 1he univerſity of 


Cambridge; as alſo on Dr. Jurin's Diſcourſe of 
diſtinct and indiſtinct Viſion, that was annexed to 
Dr. Smith's work. 

One purpoſe of this piece is to ſhew the errors ma- 
thematicians are liable to, by implicitly adhering to their 
algebraical calculations. The latter part is written after 
a free manner; for which the author in his preface has 
given his reaſons. This alſo, as well as the diſcourſe on 
fluxions, occafioned on the fide of Dr. Jurin a contro- 
verſy, «hich might have proved of long duration; hod 
it not been cut ſhort by My. Robins Being then called 
to a pubiick employment. ; | 

As all the tra#ts, to which he put his name, were 
confined to the matbematicks; the clearneſs, brevity and 
elegance, wherewith they were compoſed, could be judged 


of but by a very few, and indeed perfectly only by ſuch, 
as were not unacquainted with the writings of the ancient 


geometers. But in ſome anonymous pieces, he publiſhed 
on more popular ſubjetts, greater numbers were ſenſible 
of the force of his reaſoning, the juſtneſs of bis de- 
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ſeriptions, the beauty of his expreſſions, and the harmony 
of his periods. | 

In the year 1739 there came out three pampblets, 
which acquired bim great reputation, though they were 
written very haſtily; as the incidents, that occaſioned 
them, were ſudden and urgent. 

The firſt was intitled, Obſervations on the preſent 


Convention with Spain. Here the ſpecious veil, with 


which ſome had endeavoured to cover the meanneſs of this 
tranſaction, was entirely removed; and all the invincible 
arguments againſt it ſet in the ſtrongeſt light, which 


very arguments were afterwards made uſe of, when it 


became matter of debate in parliament. 

The ſecond was called, A Narrative of what paſſed 
in the Common Hall of the Citizens of London aſſem- 
bled for the Election of a Lord-Mayor. This, though 
compoſed indeed on a leſs momentous affair, yet contained 


in it ſurpriſing firokes of true oratory. 


The third was written on - the following N on. 
Many eminent Patriots, as they were then ſtyled, upon 
the ſanction given by the Houſe of Commons to the 
Spaniſh convention, notwithſtanding all their weighty 
ae; and reaſons againſt it, became ſo diſguſted, that 
they took a reſolution from that time of not attending the 
bufineſs of parliament ;, which proceeding, called a 
ſeceſſion, was highly reſented by the other fide ; and 
the ſeceeders at length returned as uſual to their ſeats in 
the houſe. This defeclion being & many deemed raſh, 
Mr. Robins was requeſted to write an apology for it. 
The pamphlet he co — was delivered to a principal 
perſon concerned, in order to be tranſcribed, and the 
original deſtroyed, the better to conceal the real writer; 
whoſe condition in life might not be able to ſecure him 

rom the reſentment, the freedoms taken in it, might 

provoke. After ſome alterations to ſoften matters 
were made, and a preface prefixt, of both which Mr. 
Robins was. neither the author nor approved; it was at 
length publiſhed under this title: An Addreſs to the 
Electors 
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Electors and other free Subjects of Great Britain, 


occaſioned by the late Seceſſion. In which is con- 
tained a particular Account of all our Negotiations 


With Spain, and their treatment of us for above ten 
Years paſt. 


This tract, though by the abovementioned alterations 
in a manner disfigured, was univerſally eſteemed, and 
for ſome time, as well as the Obſervations on the 
Convention, generally reputed to have been the produc- 


tion of the great man himſe'f, who was at the bead of 


the cppofition to Sir Robert Walpole z but it proved 
of ſuch conſequence to Mr. Robins, that it occaſioned 
him to be employed in a very honourable poſt, For the 
patriots continually gaining ground, and at length a 
majority; Sir Robert was upon this turn of affairs 
advanced, for his better ſecurity, to the peerage, by the 
title of the Earl of Oriord, However, a committee of 
the Houſe of Commons being appointed to examine into 
bis loraſhip's paſs coudutt, Mr. Robins was choſen 
their ſecretery. | | 

And here he exhibiizd conſtant proofs of bis fitneſs for 
this important ſtation, in taking deumn very readily and 


 perfefly the examinations made before the committee; 


which was no eaſy taſe, as the perſons examined were 
well verſed in ſecret tranſadtions, and greatly intereſted, 
that the real truth ſhould not be come at. After the 
committee had preſented two reports of their proceedings, 
a ſudden flop was put to their farther progreſs by a com- 
promiſe between the contending parties; and moſt con- 
cerned were gratified either with honours or places except 


the ſecretary, which ſome attributed to his having been 


too ſincere in the affair. However, in 1742 the fecond 
report clandeſtinely came abroad, and was much ad- 
mired. : - : 
Typus Mr. Robins being again at leiſure, printed the 
fame year a ſmall treatiſe, entitled New Principles of 


_ Gunnery, containing the reſult of many experiments be 


bad made, whereby is diſcovered the force of gunpowder, 
| . 5 and 


— 
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and the difference in the reſſting power of the air to 
feaift and flow motions, whence it p/ainly appeared, 
that the oppoſition of that medium to bullets and fhells 


Het from cannon and mortars far exceeded, what was 


generally imagined ; and that the track deſcribed in their 
motion differed from that of a parabelical line to a de- 
gree undiſcovered by any, who had written expreſly on 
Preſent time. | 
Sir Iſaac Newton indeed, as Mr. Robins obſerved *, 


the ſubjef from the days of the famous Galileo to the 


das very ſenſible of the effefts of this reſiſtance ; and 


bas propeſed how to aſſign in particular caſes a curve of 
a different ſpecies from the parabola, as more anſwerable 
to the projetiile*'s motion f. Nor was this great man 


wholly unappriſed of the increaſe of reſiſtance both from 


the rotatory motion of the moving body, and alſo from 


the preſſure of the fluid on the body, becoming by its mo- 


tion greater on the fore part than on the hinder J. 
The tract of Mr. Robins was preceded by an account 
of the progreſs modern fortification had made from its 


firſt riſe; as alſo of the invention of gunpowder, and 


of «what bad already been performed in the theory of 
Sunne. 1 8 


„ + Princip. Lib. II. Prop. x. 
t Ibid. Prop. xl. in the Schol. in the Remarks on Experim. 12. 
Amongſt Mr. Rebins's memorandums is the following paſſage, 
which ſeems as intended to have been inſerted into a preface to 
his diſcourſes, that had been read before the Royal Society, and 


which he was about publiſhing. *« Since what I wrote in a former 


<< treatiſe on this head, I find Sir Jaac Newton had conſidered 
„this, though not in the preſent inſtance ; for in ſpeaking of 
« ſome conjectures he had made on the ſeparation of the colours 


« by the priſm he adds, —1 remembered that I had often ſeen a 
tennis ball, ſtruck with an oblique racket, deſcribe a curve line. 


For a circular as well as a progreſſive motion being communicated to 
it by that flroak, its parts on that fide, where the motions conſpire, 
muſt preſs. and beat the contiguous air more violently than on the 
other, and there excite a reluctancy and re-ation of the air pro- 


gortionably greater. Philoſophical Tranſactions, Ne 80. p. 3078. 
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- This was well received by the publick, and, it cas 
thought, would have procured the author preferment ; 
/ be never bad been ſecretary to the ſecret commiltee. 

Upon à diſcourſe containing certain experiments being 
publiſhed in No 465 of the Philoſophical Tranſactions, 
in order to invalidate ſome particular opinions Mr. Ro- 
bins bad advanced; be thought proper, in an account be 
gave of his book in the ſame Tranſactions, Ne 469, to 
take notice of thoſe experiments. And in conſequence of 
this, ſeveral diſſertations of his on the reſiſtance of the air 
were read, and the experiments exhibited before the 
Royal Society in the years 1746 and 1747; for which 
Be was preſented with a gold medal. 1 

On that occaſion Mr. Folkes the pręſident addreſſed 
the Society and Mr. Robins, as follows. 


GENTLEMEN, 


The curious and valuable experiments, which 
have lately been made before you, by our very : 
worthy brother of the Society, Mr. Benjamin Robins, 
concerning the reſiſtance given by the air to bodies 
in motion ; particularly to military projectiles, and 
ſuch others as are made to pals through that medium 
with great velocities; could not eſcape the attention 
of my. honoured predeceſſor, your late preſident, 
Sir Hans Sloane : who in his preſent retirement from 
buſineſs, ſtill applies himſelf with unwearied dili- 
gence, to all ſorts of learned and philoſophical 
enquiries. | 8 
He has ſtill the ſame concern for the proſperity 
and for the honour of this body: and the knowledge 
and information he daily receives of every thing re- 
markable that paſſes amongſt us, or that is com- 
municated to us from without, affords him no leſs 
ſatisfaction, than when the weight of fewer years, 
and a more vigorous ſtate of health, allowed him 
to give ſo conſtant and fo regular an attendance 
2 | | | at 
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at our meetings, during ſo long a period of time, 


and through the ſeveral offices he has held in th 


Society. : is 
As I fay the before mentioned experiments could 


not eſcape his notice, ſo neither would he let 
them want the ſanction of his own approbation: and 
he has therefore this year, as the ſurviving executor 
of the late Sir Godfrey Copley, nominated Mr. Robins, 


to receive the annual prize medal of gold, beſtowed 
by the 


faction. 
I accordingly, at a late meeting of your council, 
acquainted the gentlemen there preſent, with this 


appointment: who were unanimouſly pleaſed to ap- 


prove of the ſame, and to put into my hands a medal, 
upon which, according to their order, I have cauſed 
Mr. Robins's name, and the date of the preſent year 


to be engraved. EE Ei op. 
It is from theſe experiments, and from thoſe others 


which Mr. Robins is ſtill preparing to exhibit, that 


we may expect to ſee compleated the whole, and the 
true theory of projectiles. What Galileo and Torri- 
celli, who firſt demonſtrated. the motions of theſe 
bodies in vacuo, knew to be ſtill wanting in their 
theories, will hereby be ſupplied : and these particu- 
lars will at laſt become known, which they wiſhed 


that future obſervers would make deligent and care- 


ful experiment about. 


The great Sir /ſaac Newton, who did ſo much 
honour, when living, not only to this Society, and 


to this chair; not only to this country, and to the 
age he lived in, but to the world in general, and to 


human nature itſelf : this great man, I ſay, in his 


admirable Principia, inveſtigated the laws of the re- 
ſiſtances made to bodies in motion, during their 
paſſage through the air and other fluids, and, thoſe 


upon different theories, and upon different fuppoſi- 


tions. He alſo made experiments upon the reſiſtance 


Society in conſequence of Sir Godfrey's bene- 


given 
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given to funipendulous bodies in their oſcillations, 


and to others in their fall, which he cauſed to be 
dropped for that purpoſe from the higheſt part of the 
cupola of St. Paul's church: but he never had the 
opportunity of making trials, upon thoſe much 
greater reſiſtances, that ſhells and bullets are im- 


peded by, in thoſe immenſe velocities with which 


they are thrown from military engines. | 
And hence it has come to pals, that ſucceeding 
writers, even thoſe of the firſt claſs, and who are 
the moſt juſtly diſtinguiſhed by their great know- 
ledge and abilities, not ſufficiently attending to the 
true theory of theſe motions, have been of opinion, 
that in large ſhot of metal, «whoſe weight many thouſand 
times ſurpaſſes that of the air, and whoſe force is very 
great, in proportion to the ſurface wherewith they preſs 
thereon, this oppoſition is ſcarce diſcernable, and as ſuch 
may, in all computations, concerning the ranges of great 


and weighty bombs, be very ſafely neglected. 


This is one of thoſe principles, which the learned 
gentleman, who favoured us with theſe experiments, 


very particularly propoſed to-examine, and that both 
_ theoretically and practically; and he has accordingly 


ſhewn, by a ſeries of the moſt curious and moſt in- 
geniouſly contrived experiments ; if not the abſolute 
quantities of theſe reſiſtances in all caſes, at leaſt that 
they are enormouſly great, much beyond what any 
former theories had aſſigned, and ſuch as are abſo- 
lutely neceſſary to be conſidered in all ſtrict reaſon- 
ings concerning theſe matters : particularly, as they 
in ſo remarkable a manner curtail and diminiſh the 
great ranges of all forts of cannon and mortar- 


* 


Pieces. 


He has alſo by the way had occaſion to take notice 
of ſeveral new, and ſurpriſing phenomena attending 
theſe forts of motions : ſuch as the different reſiſt- 
ances, that are given by the ſame medium, to one 
and the ſame body, when put into motion with 
1255 | the 


| 
| 


that as I cannot ſufficiently admire the elegance and 


the ſame velocity, and when preſenting to the re- 
fiſting medium, the ſame or an equal ſuperficies, but 
only in a different direction. 3 

Mr. Robins has yet farther puſhed his trials, to 


certain deflexions, hitherto entirely unconſidered, of 


bullets and other projectiles from the vertical plane 
in which the ſhot is made: and which he has with 
great ſubtilty accounted for, from a rotatory motion 
that bullets accidentally acquire about an axis: and 


as a confirmation of his theory, he has in many caſes 


been able either to prevent this deflexion, or to direct 
it.ſuch way as he thought proper. 
The laſt particular 1 ſhall here take notice of, is a 


moſt extraordinary, and aſtoniſhing encreaſe of the 


reſiſtance, and which ſeems in a manner to take 
place all at once, and this when the velocity comes 


to be that, of between eleven and twelve hundred 


feet in one ſecond of time. This encreaſe however 
only concerns the abſolute quantity of the reſiſtance, 
the law of it continuing in other reſpects nearly the 
ſame as before: and it is remarkable farther, that 
the caſe wherein this encreaſe of reſiſtance becomes 
obſervable, is that, wherein the velocity of the ſhor, 
is at leaſt equal to that velocity with which ſounds 
are propagated : whence Mr. Robins has with great 
ſagacity offered his reaſons to believe, that in this 
caſe the air does not make its vibrations ſufficiently 


faſt, to return inſtantaneouſly into the place the bul- 


Jet has left; but that the bullet then leaves a vacuum 


behind it; whereby it becomes expoſed to the whole 


reſiſtance, the body of air before it is capable of 
giving. | 

Should I but barely enumerate all the particulars 
in theſe experiments, that have appeared to myſelf 
both curious and inſtructive, I muſt by far exceed 
the bounds, that can reaſonably be allowed me on 
the preſent occaſion. I ſhall therefore only add, 
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the judgment, with which the gentleman's experi- 
ments have been contrived and conducted; ſo nei- 
ther can I enough commend the laudable and in- 
defatigable pains he has taken, in making ſo very 
many experiments himſelf, and in collecting alſo ſo 
many others from elſewhere ; all which he has des 
duced ſuch computations from, as might enable him 
to compare the ſame with, and thereby to confirm 
and aſcertain his theories. 


Mr. Rosins, e | 

It is now, Sir, with the greateſt ſatisfaction that I 
can aſſure you of the high eſteem the Royal Society 
have for you, and of the juſt value they ſet upon 
your very curious and uſeful communications. It is 
by their command, and in their name, that I put 
into your hand this faithful token of their regard: 


in which you will not attend to the ſmallneſs of the 


gift, but conſider it as it comes from a Society, nei- 
ther abounding in ſums of ſilver or gold, not pur- 
ſuing or coveting worldly riches, but the improve- 
ment only of philoſophical knowledge. You will 
pleaſe therefore in ſuch a light to accept this medal, 
and in ſome ſort to compare it to thoſe crowns, that 
were given to eminent perſons, in the firſt ages of 
ſimplicity of the ancient Greeks; and which although 
only wreathes of olive, or even garlands of graſs, 
were not on that account the leſs eſteemed by thoſe 
upon whom they were beſtowed, as they were till 
authentic teſtimonials, of the moſt exalted virtue, 


and of the moſt diſtinguiſhed merit. 


As thus Mr. Robins's experiments and theories met 
with the greateſt approbution ſrom the beſt fudges here; 
fo the tract be had publifhed on thoſe ſubjefis did him 
much honour abroad; for the famous M. Euler tranſ= 
lated it into High Dutch; accompanying this ſmall 

Vol. I. b Piece 
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piete with an immenſe commentary; and beſtorving 


' Praiſes on it, yet not without attempting to difcover 


errors. This was Printed at Berlin in 1745, and 


Mr. Robins ſoon after informed me, that M. Euler's 
principal objeftions aroſe from miſtakes ; the ſource of 
which having found out, he intended to publiſh an an- 
fer; but from that time continual interruptions pre- 


wented bim. | Th 
It bas alſo been tranſlated into French by M. Le 
Roy; and it is often mentioned with applauſe in ihe 


Literary Journals of Europe T. The authors of one 3 


of them in giving an account of M. Du Hamel's 
experiments on the ſame ſubject, add—il nous expole a 


cette occaſion quelques experiences très-curieuſes 


faites par d'autres phyſiciens particulicrement par 


M. Robins, que l' Angleterre comptoit au nombre 


de ſes plus grands gẽometres, mais que la mort lui 


enleva il y a deja . ann&es . | 


The repntation, he juſtly acquired by this performance, 


made a foreign profeſſor of the mathematicks, when in 
London, pay bim a viſit ; and his eſteem for Mr. Robins 
was by that interview greatly improved, inſomnch that 
un bis return home, he commended Mr. Robins ſo effectu- 
ally to the late prince of Orange, that be was invited 


over to affift in the defence of Berghen-op-Zoom, then 


Troefted by the French; and he did accordingly ſet 


"out for that place; but it was entered by the br/regers, 


September 16, 1747, Ju after bis arrival in the 


Dutch army. 


As Mr. Robins had at this time no opportunity of 3 
Jhewing his fell in military affairs; fo ſome years before 


be was diſappointed in his hopes of ſerving that way his 
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don country. For in 1741, Lord Cathcart was to go 
on a ſecret expedition, which was generally believed to 
be intended again/# the Havanna. And Mr. Robins 
having had a mann ſeript plan of it, drawn upon the 
ſpot with great exafneſs; given to him by ſome of his 
friends, inimediately applied himſelf io conſider; bow 
the ſiege of this city, now delineated before him, might. 
beſt be attempted ; and by great pains in inquiring of 
numberleſs perſens, who had been there, got ſuch iu- 
formation, as enabled him to write a very accurate 
ſcheme for the cenqueſt of that important fortreſs z in 
<vhich ſcheme, after having deſcribed the cirrumjacent 
tountry, and pointed out the propereſt place, whers thi 
troops might land, he then ſet down @ very particulat 
account in what manner, they ought to proceed flep by 
ſtep through all their attacks, firſt againſt the Moor- 
caſtle, as then againſt the body of the town itſelf © 

This ſcheme, together with the manuſcript plan juſt 
mentioned, Mr. Robins preſented to Lord Cathcart 
not without hopes; that his Lordſhip would thereby be 
induced to allot him a ſhare in the execution of an enter 
prize, he had ſo fully markt ont, as hardly to omit 4 
Angle circumſtance, that flood in need of explanation: 
but his expeftations were totally diſappointed ; for not- 
withſtanding the preſent was received with great readi- 
meſs, and many encomiums beſtowed upon the compleat- 
neſs of the performance, yet his Lordſhip was quite filent 
with regard to engaging his perſonal alſiſtance. Many 
people then judged this coldneſs to proceed from Mr. 
Robins having been attached to the wrong fide of poli- 
tical party ; but time ſoon diſcovered Carthagena, and 
not the Havanna, 10 be the great object of that unſuc- 
ceſsful expedition. I 5 
Some years after this diſappointment, My. Robins 
had the good fortune to be engaged in a work, that 


proved of more conſequence to him, than all he bad 
bit berto written. | ; 6h 
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In 1741, Mr. Anſon, (now Lord Anſon, and af 
the head of the Admiralty, when our fleets carry terror, 
wherever they appear) as commodore in the Centurion 
man of war, accompanied with other ſhips, began bis 
voyage round the world, which though by diſaſters had 
not all the ſucceſs, that might have been reaſonably ex- 
pected; yet under this great commander were produced 
many brave and ſkilful officers, who at preſent do ſo 
much bonour to the Britiſh navy. Of this vt yage the 
publick had for ſome time been in expectation of ſeeing 
an account compoſed under his Loraſhip's own inſpection. 
For this purpoſe the reverend My. Richard Waiter was 
employed, as having been chaplain aboard the Centurion 


for ihe greateſt part of the expedition. Mr. Walter 


bad accordingly almoſt finiſhed his taſk, having brought 
it down to his own departure from Macao for England 


when be propoſed to print his work by ſubſcripiion. 
Then Mr. Robins being recommended as a proper per- 


ſon for reviewing it; on examination (notwithſtanding 
the ſhortneſs of the time, that could be allowed for ſuch 


an undertaking) it was reſolved, that the whole ſhould 
be written entirely by Mr. Robins; what Mr. Walter 


had done being, as Mr. Robins informed me, almoſt all 
taken verbatim from the Journals, was 10 ſerve as ma- 
terials only. And upon a firift peruſal of both the 
performances, I find Mr. Robins's to contain about as 
much matier again as that of Mr. Walter; and indeed 


the introduftion entire, with many diſſertations in the 


body of the book, were compoſed by Mr. Robins, without i 
having received the leaſt hint from Mr. Walter's manu- 
ſcript ;, and what he bad thence tranſcribed regarded 
chiefly the wind and the weather, the currents, courſes, 
bearings, diſtances, offings, ſoundings, moorings, and the 
qualities of the ground they anchored on, with ſuch par- 


ticulars, as generally fill up a ſailor's account. So this fa- 
incus voyage was compc ſed in the perſon of theCenturion's 


chaplain by Mr. Robins in his own ſtyle and manner. 
Of this Mr, Robins's friends Mr. Glover and Mr. 
| TS WT Ockenden 


I 
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Ockenden are witnefſes as well as myſelf, we having 
compared the printed book with My. Walter's manuſcript. 
And this was at that time no ſecret, for in the coun- 
terpart of an Indenture now lying. before me, made 
between Benjamin Robins, Efq; and John and Paul 
Knapton, bookſellers, I find, that thoſe bookſellers pur- 
chaſed the copy of this book from Mr. Robins as the 
ſole proprietor, with no other mention of Mr, Walter, 
than a proviſo in relation to the ſubſcriptions be had 
taken. pp | $043 
Thus as many of Mr. Robins's ſmaller pieces came 
abroad without a name; ſo this larger volume was 
printed in the year 1748, under that of another, But 
though Mr. Walter's appears in tbe frontiſpiece; yet 
Mr. Robins was ſo well underſtood here to be the 
principal author, that he was univerſally congratulated 
on its ſucceſs. And indeed no production of ibis kind 
ever met with a more favourable reception from the” = 
publick; four large editions were ſold off in leſs than © ' 
a ſwelvemonth; and it has been tranſlated into moſt of 
the languages of Europe; and it ſtill ſupports its re- 
putation, it being this year, 1761, printed bere for the 
noth iin | | "0 
Though the beauty of the original cannot be fully 
perceived by a foreigner, yet the Fournals abroad have 
ſpoken of it with great applauſe. The authors of one 
of them f declare—auſſi croyons-nous avec lui que fon. 
ouvrage eſt tres-ſuperieur à tous ceux qui ont paru 
dans ce genre; and on mentioning the ſufferings of the 
mariners in one part of the navigation, they ſay, —La 
peinture de ces divers accidens eſt fi forte & ſi vive, 
qu'elle porte Peffroi & la commiſeration dans l' ame des 
lecteurs. Aud M. d'Alembert in his Diſquiſition on 
the figure of the earth, recounting the voyages, that had 


The fifth edition at London in 1749 was reviſed and corrected 
by Mr. Robins himſelf. " + Journal des Sgavans 
Janv. 1750, 8 65 
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been made round it, ſays, En derniere lieu ce voyage 


a ẽtẽ fait par Vamiral Anſon, dont on a imprime la 
relation ſi intereſſante et ſi curieuſe *. 

Me are alſo told + that in a treatiſe publiſhed at 
Paris in 1756, intitled Hiſtoire des Navigations aug 
Terres Auſtrales, there are exirafts from it and 
accordingiy the authors of the Memoires de Trevoux ? 
in their account of that Collection, after having duly 
commended two famous voyages I to thoſe Parts, add, 
that in them,—on ne ſent pas cette chaleur d*imaginas- 


tion, cette vivacits de ſtyle, qui caracteriſent Phiſ- 
toire de Pexpedition dont ſe chargea Pamiral Anſon 


en 1741.—Kichard Walter, chapelain du vaiſſeau 


amiral, qui a écrit la relation de ce voyage, y peint 


une flotte qui s 'embarque avec allẽgreſſe, qui vogue 


| pvec les plus hautes eſperances, et qui au Detroit de 


la Maire, et meme a entree de la Mer Pacifique, 


le. ſein des plus afireux deſaſtres.— Tout ce que Fun 
et Pautre Element peuvent offrir de plus riant et de 


plus effrayant, ſe rencontre ſous la plume de Walter 


et varie agreablement ſes curieuſes obſervations ſux 
geographie, la phyſique et la navigation. 

I have «boſe to ſet down rather theſe foreign teſtimonies 
to ibe advantage of Mr. Robins's performance, than ts 


enlarge myſelf in its commendation ; fince the inviolable 


friendſhip, that is well known to have ſubfiſted above 
irventy years between us, may be thoug bt to influence 


vey opinzon. 


Mr. Robins, bu becoming famous for his ability in 
writing, was requefied to compeſe an apology for ths 
unfortunate affair at Preſton-Pans in Scotland. T his 


was prefixt as @ Preface befare the more o that was 


publiſhed 

** Encyclopedie, Tom. vi. p. 759. 4 Journ. des 
Sgavans, Octob. 1757. t Jan. 1758. I] Thoſe 
of Meſt. Frazier and Losen Bom '$ This is intitled, 


Fog Report of the Proceedings and Opinion of the Board of Geeeral 
RED f 1 ert 


_— 
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publiſbed of that tranſaction, and this preface is eſteemed 
a maſter-piece in its kind. For there the movements of 
{be Engliſh and of the Highland armzes are deſcribed, 
the pitiure of the country drawn, and the advantages 
and diſadvantages of ground pointed out with ſuch force 
and perſpicuity; that I bave beard good judges ſay, 
they laoked on it, as one of the beſt written pieces in our 
language, And indeed its author was very capable 
of adapting his ſtyle ta variety of ſubjects, whether 
Frave or of a joyaus nature: ſo that his immature death 
bas deprived us of many excellent works, be might bave 

etberwiſe publiſhed of very different kinds. i 
Heneeforward Mr. Robins had opportunities of 
making farther experiments in gunnery, by the favour 
of Lord Anſon ; the reſult of ſome of them is declared 
in the Diſcaurſes, I here publiſh from the author's 
papers. as 1 
. He alſa not a little contributed to the 1 
made in the Royal Obſervalery at Greenwich, by uſin 
bis intereſt with the ſame noble perſon 10 procure @ ſecond 
mural quadrant, and other inſtruments, whereby this 
obſervatory is become perhaps ihe compleateſt of any in 
the world. The new mural quadrant, which was at fir f 
deſigned for obſerving towards ihe north, being ſtill of 
more exquiſite Workmanſbip than the former, is accommo- 
Gated for obſervations towards the ſouth. This obſerva- 
tory ſoon became famous from Mr. Flamſtead's obſerva- 
lions being found tg be the moſt accurate of any made at 
that time by otbers, And what may we not expect from 
it nom; ſince its preſent worthy 7075 the reverend 
Dr. Bradley, is not more remarkable for his ſingular 
exacineſs in obſerving, than for his great humanity in 
' communicating bis obſervations to ſucb, as are likely a 
male à proper uſe of then ? | 5 f 


Officers on their Examination intg the conduct of Eieutenant-Generaf 
John Cope, Knight of the Bath, Colonel Veregrine Laſcelles, 
Ec. London printed in 1749. NINE * 
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Mr. Robins's reputation being now arrived at its 


full height, neither his backwardneſs in puſhing his for. 


tune, that conſtantly accompanied him, nor his inflexible 


 boneſly, that never permitted bim to approve of the un- 


warrantable actions of any faction, being no longer able 
fo prevent his | Ares he was offered the choice of 
two very confiderable employments. The firſt was to go 
to Paris as one of the commiſſaries for adjuſting our 


limits in Acadia; the other to be engineer general to 


the Eaſt-India company ; whoſe forts being in a moſt 
ruinous condition, there was wanting a very capable 
perſon to put them into a proper poſture of defence. 
This latter be accepied, as it was ſuitable to bis genius, 
and where, he believed, he ſhould be able to do real 


ſervice, as not being liable to be hindered through the 


ſuggeſtions of deſign or ignorance, which by their boaſt- 
ing and importunity, often inſinuating themſe/ves into the 
direction of publick affairs, frequently render abortive 
the beft concerted ſchemes. : 
The compary*s terms were both advantageous and 
bonoarable. There was ſettled upon him five hundred 
unds per annum during bis life; on condition that be 
continued in their ſervice five years. He was alſo en- 
truſted with the appointment of all, that were to be 
employed under bim; and fuch an order was made for 
Furmiſoing him with what ſums of money, he ſhould 
think neceſſary towards carrying on the works, he un- 
dertcok, as was never paſſed on the like occaſion; fo 
eat was the confidence the company repoſed in Mr. 
obins's integriiy as well as ability; in neither of 
which did they find themſelves deceived ; and indeed be 
efted in all occurrences, through every ſcene of life, with © 
the utmoſt generoſity and difmtereſtedneſs ; and never 


offered to undertake any thing, whereof be was not a 


der fect maſter. 


He deſigned, if be had remained in England, to 


| $ave compoſed a ſecond part of the voyage round the 
world z as appeers from the following letter, —_— 


7 
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Lord Anſon did Mr. Robins be bonour to write to 
Bim on that ſubjef. 27 | 


DEAR SIR, 


When I laſt ſaw you in town, I forgot to aſk you, 
whether you intended to publiſh the ſecond volume 
of my voyage before you leave us, which, I confels, 
I am very ſorry for. If you ſhould have laid aſide 
all thoughts of favouring the world with more of 
your works, it will be much diſappointed, and no 
one in it more than „ f 


our very much oblig 
*. Ns , : humble ſervant, 


T9000 Anson3 
If you can tell the time of your departure, let me 
know it. | 


The above letter is printed not without the noble 
Lord's conſent ; who, being requeſted to permit, that 
this teftimony might be exbibited to the world of bis 
Lordſhip's eſteem for Mr. Robins, replied in the politeſt 
= manner, That every thing in his power was due to 
the memory of one, who had deſerved fo well of the 
== publick. Re | | 

Mr. Robins was alſo preparing an enlarged edition of 
bis New Principles of Gunnery, and as there would 
have been made great improvements in what was already 
publiſhed; ſo the geometrical part "was intended to be 
added; as I learn from ſome memorandums, he left 
| behind him. From them alſo I underſtand, that he 
bad the theory of the moon under conſideration. 

But, baving provided himſelf with a compleat ſet 
of aſtronomical and other inſtruments for making ob- 
fervations and experiments in the Indies, he departed 
from hence at Chriſtmas in he year 1749, to the great 


Id N ſorrow 


xlii Dre. 
forrow of all bis acquaintance. This however was iu 
ſome meaſure alleviated, on account of the benefits the. 
publick might receive from his preſent ſtuation in life, 
and by the hopes of ſeeing him return ſafe with bonour 
to his native country. Not leſs ſenſibly moved was 
Mr. Robins at (quitting the agreeable ſociety of his 
dear friends, to many of whom be bad been * 

united from his firſt coming to this place. 
In the voyage bis ſhip was very near being 8 
away; but be arrived af the Indies en the 13th of 


| uly 19750, | | 
| bY 1 a T. "Hh he ene ſet about his proper buſineſs 
C i with unwearied diligence ; and be. compleatly formed 
5 plans for Fort St. David and Madras, But be lived 
1 not to put theſe in execution. For the great difference 
110 | in the climate was beyond his conſtitution to ſupport ; 
0 which was always delicate, tbough till then, be ſearcs | 
| ever bad a fit of fickneſs. 
1 In September 1750, he was attacked by a fever, 
78 out of which he recovered ; but about eight months 
after be fell into a languiſbing condition, in which ſtate 
Wi | Be continued to bis death, When he bad reaſon to be- 
1 lieve, that was not far off, he expreſſed himſelf dif- 
1 Pleaſed, the phyſicians had not made him acquainted 
1 with his real caſe ſooner, that he might have loſt ne 
14 time in expeflation of recovering; and even then be 
_ exerted bimſelf as much as poſſuble in the duty of bis 


office, expiring at Fort St. David the 29th of July 
1751 with His pen in his band, as be was drawing 
vp for the company en account of ibe Nature of their | 
efairs. | 
The fortifications of Fort St. David have been /ince 
Iniſbed, and they are at work upon thoſe of Madras, 
| eccording to Mr. Robins's plans. Theſe I have heard 
highly praiſed by many intelligent perſons ;, who have 
been upon the ſhot. And what is ſtill more, I bave 
been informal » that they were approved of by the 
brave colonel Clive; who through the- farce of gout 
| laue 
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alone becoming a ſelf-taught commander, has with 
matchleſs conduct, as well as valour, retrieved our 
finking affairs in thoſe parts of the world. N 

As ſoon as the news of Mr. Robins's death arrived 
here, great numbers, beſides bis particular friends and 
acquaintance, ftrongly expreſſed their concern at the loſs 
of ſo valuable a perſon ; and as his letter was read ta 
ihe court of the Eaſt- India directors, a moſt viſible ap- 
pearance of ſorrow ſhewed itſelf on the countenance 
of all preſent ; ard 'the regard the company had for 
Mr. Robins's merit, and their ſenſe of the ſervices bs 
did them, the ſhort time he lived in their employments, 
induced them to bekave with great genergſity towards 
his father. W 8 | 

Mr. Robins left alſo à moſ# amiable charatier behind 
im in the Indies; for I baue learnt from many perſons, 
who have come from thence, that his memory is ftill held 
there in the bigheſt eſtimation by all ranks of people. 
And no wonder that a perſon ſo well qualified in every 
branch of valuable learning, ſuch @ proficient both in the 
practice and theory of uſeful arts, as likewiſe ſo capable 
and ready lo communicate bis knowleage to others, and 
endowed with à moſt candid, generous and difintereſted 
mind, and withal a moſs ſpritely and agreeable companion, 
Hould have rendered bimſelf univerſally acceptable. 

I muſt not omit mentioning, that he took care to mat 
8 ſufficient provi/ion for his father, Mr. John Robins, 
by purchaſing an annuity for the old gentleman's life; 
who, at the Bath till bis ninety ſecond year, when be 
died in 1758, enjoyed a perfect ſtate of health, having 
had nothing ſo much to regret, as the leſs of the only. 
child he ever had; whoſe reputation in the world, and 
conſtant affetticnate bebawiour towards bim, were the 
chief conſolation of his declining age. neue, 

By bis laſt will Mi. Robins left the publiſhing bis 
works to his honoured and intimate friend Martin 
Folkes, Ei: prefident. of the Royal Society, and ts 
wry/eif : but as that excellent perſon had for ſome time 
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—_ . ,, | 
been rendered incapable, by a paralytic diforder, of 
which be is fince dead, of bearing a part in this charge; 
Mr. Robins's papers were entruſted to me by bis execu- 
ter Mr. Thomas Lewis. 

And here I cannot forbear expreſſing my deep ſenſe of 
the long continued and uninterrupted beneficence, Mr. 
Robins experienced from this worthy gentleman, ariſing 
folely from his juſt diſcernment of merit, which not only 
inſpired bim with the higheſt eſteem for Mr. Robins, 
Sut alſo with a degree of friendſhip, which neither time 
nor place could abate : his regard for the memory of his 


' deceaſed friend, extending beyond the grave, was ſtill 


Heron in a conſtant benevolence towards Mr. Robins's 
father during bis life. _ 


What writings Mr. Robins left behind him, that 
were delivered to me, had been tranſcribed into one vo- 
lume in a very fair hand. This contained ſeparate 


_ diſcourſes, all relating ta gunnery. 


Theſe take up from p. 175 to p. 315 of the firſt vo- 
lume of the following tracts. They had been moſt of 
them read before the Royal Society, wh:l/t their author | 
was in England. That entitled, A Compariſon of the | 
experimental Ranges of Cannon, &c. at p. 230, was | 
ſent by bim from Fort St. David, juſt after be was 
recovered out of his firſt illneſs. It was preſented ta 
the Socie'y the 27th of June 1731; and the leiter, 
that accompanied it, was dated October 16, 17503 


in which My. Robins tells the preſident, This 1 here 


ſend, with another, I intend by the next ſpring 
(when | hope to let you have the compleat copy) 
will finiſh all I now purpoſe to publiſh upon the 
ſubject of gunnery, leaving the further completion 
of it to my future labours, either in this country, or 
in Europe. The other diſcourſe mentioned in the letter 
I take to be The practical Maxims, and the compleat 
copy 19 be the Manuſcript put into my hands, as far as 
Mr. Robins had finiſhed it + which, 1 believe, would 
bave been more compleat, if be had ſurvived any. time 

| longer a 
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longer : for as there are added ſome notes, ſo there were 
vacant ſpaces left, in order, as it ſhould ſeem, to receive 
more notes; but death put a flop to whatever be then 
farther intended. Dh en OTA 

Of the Practical Maxims, which were not read be- 
fore the Royal Sociely, there are many copies abroad; 
and I collated mine with two others : one my frien 
Mr. Glover furniſhed me with ; the other Mr. Nourſe, 
<who had it ſome years ago of Mr. Muller. The varieties 
in the reading, I found to be very inconſiderable. | 

_ The firſt volume contains likewiſe Mr. Robins's New 
Principles of Gunnery, as he printed it (for it is not 
known, what is become of the many improvements, be 
had made in it) with the account, that was given of 
it in ihe Philoſophical Tranſactions. And I have 
added an extract or two from his looſe papers, as alſo 
his diſcourſe on the height, to which rockets aſcend, to- 
gether with another on the ſame ſubjef?, written by his 
ingenious friend Mr. John Ellicott, fellow of the Royal 
Society, and clock-maker to his majeſty; a perſon of 
fri honour, whoſe inventions in mechanicks and repu- 
tation for exquiſite workmanſhip in all ſorts of move- 
ments for regulating time are juſtly celebrated, as well in 
foreign parts as at home. | 5 

Mr. Robins's diſcourſe of the nature and advantage 
of rifled barrel pieces, not having been communicated to 
me, till almoſt all the firſt volume was printed of; I was 
"obliged to give it there at the end, though ſomewhat out 
of its proper place. | | 

The ſecond volume conſiſts of various miſcellaneous 
tracts, which bad been publiſhed by Mr. Robins himſelf, 
and bave been already particularly mentioned in this 
preface. | 7 | _ 

All the diſcourſes, that had been read before the 
Royal Society, were to have been collefied, and dedicated 
by their author to the late prince of Orange; who had 
expreſſed the higheſt eſteem for Mr. Robins, and bis 
writings, as 1 learn by a letter of a noble perſon dated 
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r 
the 13th of Auguſt, 1747, written from the Hague ts 
Lord Anſon. : FO a a 323 

1 mentioned before Mr. Robins having treated of the 
geometrical part of his New Principles of Gunnery 
fo he bad confidered the effefis of the air's reſiſtance in 
regard to ſhip-building and the working of veſſels at ſea ; 


| Gut whatever be might have ſet down in writing con- 


cerning theſe and other curious and uſeful ſubjecis, he 
carried along with bim to the Indies; of which 1 have 
not been able, during the many years ſince his deceaſe, ts 
get the leaſt information. 1 


8 we _ - JAMES WILSON. 


Errors of the Prefs. 


Vol. I. p. 93. I. 4. read tried. P. 338, 1, «5, for continued 
r. combined. Vol. II. p. 159. F. 105. 1. 3. r. concluſion. | 
P. 160. in the quotation markt + r. F. 42. P. 172. l. 6 
from the bottom, for * being r. x being. P. 214. f. 55. 1.8; 
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,BOUT a twelvemonth ſince, I 
had ſome intentions: of exhibiting 
a public courſe of Fortification 
1 and Gunnery: and though for 
reaſons not neceſſary to be here mentioned, 

I afterwards deſiſted from that deſign ; yet, 
as I had proceeded ſo far as to diſtribute 
& ſome manuſcript copies of the particulars, of 
which I propoſed it to conſiſt, I have 
| thereby been in ſome meaſure engaged in the 
2 preſent undertaking, 
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© For, as I had reſolved to render this courſe 
Jas compleat, as I poſſibly could, both by 
large models of different - fronts of Fortifica- 
tion, and their different attacks, and by an 
3 A 2 experimental 
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experimental exemplification of the precepts 
of Gunnery with real Artillery; I found it ne- 
ceſſary to inſert under this laſt head a theory 


of the force of Gunpowder, and certain i 
propoſitions relating to the reſiſtance of the 
air, which I had diſcovered, and confirmed 
by- experiments, But theſe principles being 
ſet down in the ſchemes, which I delivered 
out, as aſſertions only, without any account 
of the nature of the experiments made uſe of 
for proving them, and being liable to great 
conteſtation on account of their inconſiſtency 
with all the received opinions of the writers 
on this ſubje& ; I thought it incumbent on me 
to clear up in a more particular manner any 
difficulties, which might have ariſen about them, 
and to evince their certainty by a number of 
unqueſtioned experiments. And this has prin- | | 
cipally given riſe to. the enſuing treatiſe, in 
which the force and varied action of Powder 
is fo far determined, that the velocities of all 
kinds of bullets impelled by its exploſion, may 
be thence computed, and the enormous re- 
fiſtance of the air to ſwift motions (much be- 
yond what any former theories have afli gned) | ; 
is likewiſe aſcertained. And on theſe prin- 
ciples it will appear, that the original veloci- 
ties « bullets, en — by full charges | . 
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of Powder, and; the. track deſcribed by their 
flight, are extremely different from what, the 
writers on theſe ſubjects have hitherto ſuppoſed. 


As the principal diſquiſitions of the follow- 
ing ſheets relate to the force of Powder, and the 
flight of ſhells and bullets; it may not perhaps 
be unacceptable to the reader to peruſe a few 
particulars, relating to the invention. of Pow- 
der, and the hiſtory and improvements of 


C | Gunnery, and its ſiſter art Fortification: eſpe- 
cially as the nature and purport of what, we 


3 | ſhall hereafter advance, will receive ſome kind 
o illuſtration, by being compared with the 
opinions, which have formerly prevailed in 


"2 $ theſe enquiries. And though our immediate view 
is the promoting the theory and practice of 


3 | Gunnery ; ; yet the preſent methods of fortify- 


9 | ing are ſo connected with the invention and 
management of Artillery (theſe arts having in 
=X ſome meaſure. given laws to each other) that 


P I preſume a ſhort recital of the riſe and changes 


of the modern military architecture, will not be 


impertinently prefixed to an account of thoſe 
powerful machines, which firſt gave it birth, 


Wiru regard to the firſt invention of Baſ: 


tions, there re opinions amongſt au- 
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thors, it being as yet a point undecided in 


what place, and at what time they were firſt 


put in practice. Some have attributed this in- 


vention to Ziſca the Bohemian. Others to Ach- 
met Baſhaw, -who- having taken Otranto in the 
year 1480, fortified it in a particular manner, 


which is ſuppoſed to be the firſt inſtance of 


the uſe of Baſtions (*); But theſe are the 
poſitions of later writers. "Thoſe, who wrote 
on the ſubject of fortification near two cen- 


turies ago, ſeem to ſuppoſe, that Baſtions 


were a gradual improvement in the ancient b 


method of building, rather than a new 
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thought, that any one perſon could claim the 


Honour 6574 Pajino i in partic ular, 10 p he firſt —_ 


part of his book, imputes the changes in the 
ancient fortifications and the introduction of 


the modern form, to the increaſed. violence of | 
the later artillery, without pretending that it 
Was effected at one time, r one . 


(*) Vid. The commentary of the Chevalier: Folard on | 


Pobbius Tom. 2. pag. 2. 


) Vid. Diſcours far W poinSs de I Archite@ure 


de Guerre concernants les Fortifications, tant anciennes que | 


tefle de tres-illuſire Seigneur, Monſeigneur le Duc de Bouillon. 


Printed by Plantin 1579. It appears by a copy of verſes 3 
prefixed to the book, that this author fortified Sedan. bY, 
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modernes, & c. Par M. Aurelio de Paſino Ferrarois, archi- 
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PREFACE. 7 
So that I believe, we cannot with certainty 
affirm more in relation to the invention of 
Baſtions, than that they were well known ſoon 
after the year 1500. For in 1546, Tartalea 
publiſhed his Queſts & inventioni diverſe, in the 
ſixth book of which he mentions, that whilſt 
he reſided at Verona (which muſt have been 
many years before) he ſaw Baſtions of a pro- 
digious ſize; ſome finiſhed, and others build- 
ing; and there is beſides, in the ſame book, 
a plan of Turin, which was then fortified with 
four Baſtions, and ſeems to have been com. 


F pleated ſome time before, 


4 though w we cannot certainly aſſign the 
time, when the old circular Towers were firſt 
converted, into Baſtzons; yet in all probability 
it did not long precede the date, we laſt men- 
tioned, For in the ſame book the prior of 
Barleta, who was himſelf a ſoldier, eſteems 
Turin to be impregnable ; and tells us, that 
this was the general opinion of all men of 
{kill ; he likewiſe makes it a queſtion, if in 
the fortifying of cities, the genius of man- 
kind was not arrived at its utmoſt limits of 


perfection; which ſeems to evince that the in- 


vention was a recent one; and that it was 
green the object. of the eſteem and conſi- 
„ deration 


J - 
deration of his cotemporaries, as a new _ 
trivance of this kind would al he, 


THE feſt, Baſtions, ſuch as thoſe of Tu urin, 
of Antwerp (), and others of the ſame age, 
were but ſmall, and removed at a great diſ- 
tance from each other; for at that time it 
was the univerſal practice to attack the Cu- 
tain, and not the Baſtions. But a few years 
after there were introduced Baſtions much 
larger, and much nearer together, than what 
had been conſtructed before; as appears by the 
Citadel of Antwerp, which was built under 
the direction of the duke D'. Ava, about 1 566, 
and which by the frequent encomiums on it 
in ſome early authors, ſeems to have been 
_* firſt inſunoe of this improvement, 


FRroM this period, the modern practice of 

7 architecture may be ſuppoſed to have 
taken its riſe; moſt of the improvements of 
the preſent times, being little more than the 
putting in uſe ſuch methods, as were propoſed 
within a few years of this æra; for many ce. 
n authors flouriſhed ſoon after, as (+) La 
Trelk, 


0 Antwerp was fortified about the year e 

tearn from Speck/e. Lib. I. chap. 10. 
(+) Vid. La maniere de fortifier Villes, Chaſteaux, et 
eure autres licux forts : mis en F rang ois par le Seigneur de Be- 
rei 
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Treille, Alghifi, Marchi, Paſino, and above all 
Speckle, (*) who was one of the Mes ST $ 
that has applied to this arr. 


Tar better to judge of the pretenſions of 
the moderns, and the merit of the ſyſtems of 
fortification now in vogue; we muſt enter in- 


to a ſhort diſcuſſion of the various methods; 


which have been propoſed for covering the 
Flanks, and conſequently for ſecuring the Ram- 
parts from the approach of an enemy. Fon 
if it be agreed, that the principal defence of 
a fortreſs is its Flanks; the beſt ſtandard to 
judge of the merit of any ſyſtem: of fortiſi- 
cation, is the manner, in which it provides: for 
the ſafety of the Flanks, We the men 
the enemy. 


” 
* * * 
& * 4 


Now the moſt uſual contrivances for bo 
purpoſe, have been Orillons, Ravelins placed 
before the Curtains, Half-Moons placed before 


rei! Frangois de la Treilli Commiſſaire en l' Artillerie. A Lyon 
1556. This author was the firſt I have ſeen, who pro- 
poſed the Retired Curtain, which has ſince been publiſhed 
by others, under the name of the Re-inforced Order... 

(*) Daniel Speckle was architect of the city of Straſ- 
Bourg; he died in the year 1 589. He publiſhed a treatiſe 
of fortification in German, wah was re- yy at Leipfic 7c 


the 


10 FREFACE. , 
the points of the Baſtions, and Contregards; each 
of which we ſhall Sg ns both as 
to their uſe and antiquity. | 


Tux Orillon is as old as the Baſtion, ſince 
in Turin and Antwerp (mentioned above) there 
is a lower Flank, which is cut out of the ſub- 
ſtance of the Baſtion, and has thereby a ſhoul- 
der of a conſiderable thickneſs, to ſcreen it 
from the Field- Batteries. But beſides this, the 
drawings of Paſino, Speckle, &c. abound with 


Orillons of the ſame form with thoſe now © 


uſed, the only difference being, that the mo- 
dern ones are leſs maſſive than the antient ones. 
This invention has had the good fortune to 
ſtand its ground in almoſt every ſyſtem, i 
which has prevailed ; although it be rather on 

the fame of the ſervices, it has formerly done, 

than for any advantages the moderns have re- 
ceived from it. For in ancient ſieges, it was 
the cuſtom for the beſieged to have a retrench- 
ment behind the breach, by which means the 
beſiegers were obliged to lodge themſelves on 
the ruins of the breach, in order from thence 
to batter the retrenchment. In this caſe the 
piece or pieces of artillery, which being co- 
vered by the Orillon, could not be diſmounted, 


were of wonderful ſervice to the beſieged. 
And 


P\R-B F MACE 11 
And many inſtances might be given, where 
che enemy have been hereby ſo gauled, after 
= they had lodged themſelves in the ruins of the 
= breach,' that they have deſiſted from their ene 
terprize. But as it is now no longer the fa- 
ſhion to hold out, after a breach is made in the 
body of the place, and the ditch is near 
filled up; we rarely hear in the preſent times 
of any your feats ne by the Orillon. 


- THE Ravel placed before the Curtains, 
is Half-Moons as they are called in the mo- 
dern ſyſtems) were intended to protect the 

Flanks from croſs ſhot, and to confine the bat- 
teries, which ſhould be raiſed againſt the Flanks 
to the oppoſite part of the Counterſcarp only, 
where they would be more expoſed to the be- 
ſieged and more difficult to preſerve. This 
invention likewiſe is nearly as ancient as the 
art of fortification ; it being to be found in 
great numbers of old places, and in almoſt 


every old writer, and is ſtil] Coltnuce's in moſt 
fortifications. 


Bur the ancient writers, whoſe principal 
care was the ſecuring of their Flanks, did not 
rely ſolely on the advantages, they received from 
the laſt-mentioned 1 invention. For though by 


that 
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that means the Batteries for deſtroying the 
Flank were confined to one place; yet they: 
found on examination, that on that place the 
enemy would have more room than was ſuf- 
ficient for erecting of his Counter- Batteries; 
and therefore — added Half Moons before 
the points of the Baſtions; theſe were intended 
to poſſeſs the ground, to which the enemies 
Batteries againſt the Flanks were already con- 
fined, and thereby to render the conſtruction 
of thoſe Batteries ſtill more difficult. How- 
ever, they did not compleatly anſwer this 1 
e and have been long ſince 1 aſide. 

Tux intention of Contregards, (*) which: 
are likewiſe very ancient, is the ſame with that 
of the Half. Moons laſt mentioned, that is, the 
protection of the Flanks, to which purpoſe (if 
properly conſtructed) they are moſt wonder- 
fully adapted; for the enemy in order to ruin 
the Flank, muſt either plant his Counter-Bat- 
tery on the Contregard itſelf, which, if the Con- 
tregard be of a proper profile, it will be im- 
poſſible for him to do, or he muſt demoliſh a 


(*) Paſsno, wha we have mentianed above, claims * 
invention of Contregards, tho' they were afterwards much 
mended by Speckle. But the Contregards of this author were 
pot * the Baſtions only, but ſurrounded the whole place. 


184. part 


8 
ra 
RS. - * 


LS 
3 


* 
2 


PRERSGE an 
part of the Contregard to enable his battery 


on the Contreſearp to view the Flank, which 


is a tedious work, attended with great hazard 
and difficulty. The ſame inconveniency like- 
wiſe attends him, when he would batter” in 


nn 


Bur notwithſtanding the nication of this 


| invention, it has been almoſt entirely neglect- 


ed in the modern ſyſtem of a neighbouring 


nation. There have indeed been two or three 


places fortified by the French, in which there 


are pieces called by them Contregards; but 


they have nothing but the name in common 
with thoſe we here treat of. However their 
experience of the efficacy of this work at 
Turin may poſſibly have induced them to 
think more favourably of it. For I have late- 
ly ſeen them adding Contregards to the old 
works of a very conſiderable frontier, al- 
though it was before eſteemed one of their 
n places. | 

FROM all that we have ſaid then, it ap- 
pears, that the covering of the Flanks was a 
ſubject much more attended to by the an- 
cient engineers, than by thoſe, who have ſuc- 
ceeded them; and conſequently that the art 
of Fortification has not received from the 
moderns 
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14 PREFACE, 
moderns thoſe great improvements, which un- 


ſkilful writers would ſometimes perſuade us 


to believe: For indeed in the ſecuring of the 
Flanks conſiſts the greateſt ſtrength of a for- 
treſs; fince, though all the other defences by 
being expoſed to the Field-Batteries of the 
enemy ſhould be ruined ; yet as long as the 
Flanks are entire, the Rampart of the place 
cannot be approached by the enemy : And 
therefore, ſince this circumſtance hath been 
ſo little heeded by ſome amongſt the moderns ; 


it muſt be owned, that the true principles of 


this art have been very imperfectly compre- 
hended by them. For it has often happen- 


ed, that they have diſputed about a few fa- 


thoms in the length of a Flank, a Face, or 
a Curtain, or a few degrees in the magnitude 
of a particular Angle ; when at the ſame time 
they have too much diſregarded this moſt im- 


portant conſideration of all, the ſcreening of 


the Flanks from the Batteries of the enemy, 


Bur this negle hath been ſometimes owing 


to the authority of erroneous maxims, one of 


which in particular is, that, (+) whatever ſees, 
is itſelf ſeen ; whence it has been inferred, that, 


- (4) See this maxim urged with this. view in Pagan s 


Fortification, Chap. iv, . | 
1 77 
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PREFACE 15 
if the Flank can ſee the enemy, the enemy 
can ruin the Flank with his batteries. But 
the fallacy of this reaſoning lies here, that 
the Flank if properly covered cannot ſee the 
enemy, when he is in a ſituation, where it is 
poſſible for him to raiſe batteries, but only 
when he gets in a place, where he muſt be ex- 
poſed t to the fire of the Flank without hav- 
ing it in his power to return it. For inſtance, 
a piece of cannon covered by an Orillon in 
the common manner cannot be ſeen by the 
enemy, till he is got over the greateſt part of 
the ditch, or is mounting the breach, in ei- 
ther of which places it is impoſſible for him 
to raiſe a counter- battery: And the more com- 
pleat the artifice is, by which the Flank is 
ſcreened; the greater will be the ſpace, in 


4 which the enemy will be thus expoſed. 


OTHER engineers have nde to un- 
dervalue this art as ineffectual, and with this 
view they have expatiated much on the force 
of the modern methods of attack, and have 
declared, that no place how artfully ſoever 
conſtructed can ſtand before them. With theſe 
gentlemen it is a maxim, that when the Con- 
treſcarp is once loſt, the whole conteſt is in 
a manner over ; and they endeavour to ſupport 

| themſelves 
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themſelves in this perſuaſion by the examples 
of places of great note, which have been re- 


duced in a much beer time, than was ex- 
pected. If theſe opinions could be relied on, 


the greateſt part of the money laid out in 


fortifications would be extreamly ill employ'd ; 
fince a ſimple Rampart and a Contreſcarp 
would fully anſwer the whole purpoſe intend- 


ed. But the truth is, that, when a place is 
well conſtructed, and chfuny defended, the 


taking of the Contreſcarp is but a ſmall ſtep 
towards the poſſeſſion of the place (*). In- 
deed the rafhneſs and precipitancy of the di- 
rector of the approaches, hath often intimi- 
dated a weak and ignorant governor; but when 
the attacks have been thus eagerly hurried on 
againſt a place commanded by a brave and 


knowing officer, he has ſometimes taken ſuch 
advantages of theſe incautious ſteps, as have 
made them too fatal to be copied by any 


pretending to prudence or humanity. By 
this means the eaſieſt enterprizes have been 


often rendered impoſſible, and the pretence of 


() In the laſt memorable fiege of Barcelona, the loſs 


of the Contreſcarp (which was taken in a fortnight) did 
not determine the fate of the town, the great reſiſtance 
being after the body of the #5 was 8 by ſeveral 
breaches. 


gaining 
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PREFACE 17 
gaining a day or two has often occaſioned _ 
loſs of the whole (). 


Bvsrpes, thoſe inventions for ereening of 
the Flanks, which we have already mention- 
ed, there have been others propoſed of a dif- 
ferent nature, which by reaſon of their ſin- 


gularity, have been leſs attended to; ſuch is 


the conſtructing of a Line, which ſhould paſs 
through the ditch, from the point of the Ba- 
ſtion to the oppoſite point of the Contreſcarp. 
This is mentioned by general Montecuccali in 


his Memoirs as a method much leſs liable to 
exception, than it appears to be at firſt ſight 


(T). But though a Line thus conſtructed, will 


doubtleſs cover the Flanks from the view of 
the batteries placed on the oppoſite part of 


1 the Contreſcarp, and is it ſelf very nn 


(*) Many inftances of the difficulties and naked to 


Ef | which the allies were often expoſed in Flanders, during the 


late war, may be ſeen in Landfberg, who was then an en- 


gineer in the ſervice of the States General; theſe accidents, 
according to him, were generally owing to the preſumption 
of the directors, who under the pretence of expedition, 
contracted the front of their attacks, and thereby ofren 


left the enemies works in their rear, which rendered theic 


- 0) 
5. 

"7 

2 ag. I 
= 2 12 f 
r 
EL 
2 Ft 


+ progreſs next to impoſſible. Vid. Neuvell Maniere de . 


Fortier les Place. N 
() Vid. Memorie del * Principe di "Montecuecolis 


om pet 


ee 
yet I have never heard of its being put in exe- 
cution. 


| ANoTHER way of ſecuring the Flanks, is 
by interpoſing the Entring Angle of the Con- 
treſcarp, (or of the Ravelin) between them 


and the Counter-batteries. This practice is de- 


ſcribed by Errard of Barleduc, (*) and is by 2 
him ſaid to be the invention of the count of 


Lynar, And though ſome authors, who were 


ignorant of the advantages hereby propoſed, # 
have ſeverely cenſured the having any part of 
the ditch hidden from the Flank, a circum- | 
ſtance which muſt neceſſarily attend this con- 
ſtruction; yet the greateſt genius, who ever ap- 
| plied himſelf to the ſtudy of this art, has 
thought it worthy of his imitation ; the cele- 
brated fortreſs of Berghen-Op- Zoom having 
its Flanks in part covered by this artifice. C 


Bor in a proper ſoil there i is till a more ef. 1 
| ficacious defence, than any we have yet men- 


2 * Vid. La Fortification demontrie, Lib. iii. Chap. ii. Be- we - 


fides this invention here mentioned, there occurs in this au- 


thor, the contrivance of placing a Gallery under the Co- 9 


ver'd-Way, with loop-holes into the ditch, which is prac- 1 
tiſed at Tournay, but more ——_— at Berghen-Op- Zoom, 1 
Vid. Lib. iv. Chap. vii. 20 


tioned; 
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tioned ; and that is, by the means of Contre- 
mines. For ſuppoſing the fortifications of a 
place to be conſtructed with no more art, than 
what is neceſſary to oblige an enemy to bring 
his batteries on the Glacis, when he propoſes 
either to batter in breach, or to ruin the Flanks, 
(which may be effected by a good Profile and 


a2 Ravelin before the Curtain only.) If the ſoil 
be free from water to a conſiderable depth, it 
i is always in the power of the beſieged to ruin 
the batteries of the enemy by their Mines, 
X which may be repeated too a number of times, 
| in proportion to the depth of the ſoil. 
theſe batteries being by ſuppoſition confined to 
one ſituation, the beſieged can always be pre- 


For 


pared for theſe operations before- hand, and 


would have infinite advantages over an enemy, 
By who ſhould endeavour to dig them out; which, 
5 however, in ſuch cim would be his 
== only reſource, 


Tx firſt ſucceſsful application of the blow 
ing of Mines in fieges, was in the kingdom of 


= Naples; where Pietro de Navarre by this means 


1 | poſſeſſed himſelf of a fort garriſoned by the 


French. But the firſt celebrated uſe of theſe. 


Mines in oppoſing the progreſs of the beſiegers, 


4 was in the years 1 666, 67, 68, at the ſiege of 


„„ Candia; 
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Candia; not but they had been often practif- 
ed in the defence of places before, though in 
a leſs memorable manner; for by the aſſiſt- 
ance of this invention principally, the city of 


Candia kept the whole power of the Ottoman 


empire at a bay for three years ſucceflively, 
Since that time the advantages. of Contre- 
mines have been better underſtood, The laſt 
eminent inſtance of their great uſefulneſs, was 


in the defence of Turin, in the year 1706; 


for ſo effectually were the befiegers traverſed 
thereby, that after near four months of open 


trenches, they were not in the poſſeſſion of 


more than the Contreſcarp, and even there, e- 
leven pieces of their cannon were blown up by 


the defendants, but three or four days before 


the Place was relieved. 


ev oket lems OS renior tran det 


juſtice mention the great improvement in the 


doctrine of Mines, which is contained in that 
excellent Diſſertation (*) annexed to the third 
volume of the French Polybias.. For nothing 
can be more compleat, than the manner in 


(*) This, in the preface, is ſaid to be the performance of x 
monſieur 4 Valiere, Marechal des Camps, and Nan | 
General of the miners. 


whioh 
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which the different ſtages; of Mines are there 


diſtributed ; indeed, the form there aſſigned to 
the excavation, cannot be rigorouſſy , what the 
author ſeems to ſuppoſe ; but this exception 


= has nothing to do with his general rangement 
= of the Chambers, which is extremely well con- 


trived for the huſbandiog of the ground, and 


3 3 the nean of the enemy. 


15 HAVE already taken, notice of the defects 
in the writings of many of thoſe, who amongſt 
the moderns have undertaken to form fyſtems 


I of. fortification. But when J ſpeak of theſe 


authors and their copiers; I muſt at the fame 
time avow the ſuperior merit of the great Cu- 
boorn, who was uv adoubtedly the ableſt forti- 
fier, that ever the world knew. This author 


has publiſhed two treatiſes on this ſubject; the 


firſt containing a method of fortifying a Pen- 


tagon, to which is annexed a project for the 
amending the fortifications of Coevoerden, In 
his ſecand, he has propoſed three different man- 
ners of fortifying, one applied to a Hexagon, 

another to a Heptagon, and a third to an Octa- 
gon ; and he has beſides added, the manner of 


fortifying that ſide of a fortreſs, which hap- 


pens. to be contiguous to a river, In this work 
he has particularly examined all the poſſible 
1 attacks 
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attacks that can be formed againſt his pro- 
poſed places, thereby to evince the great ſu- 
periority of his defences; ſo that it is in ſome 
meaſure a diſcourſe on the attack and defence 


of places, as well as a ſyſtem of fortification; 


and upon the whole is the moſt excellent per. 


formance, that has ever been produced on 


this ſubject. It was. written in Low-Dutch 
(the author's native language) but has been 
tranſlated into both French and Engh/h,- but 
very imperfectly; though in a new edition of the 
French tranſlation lately printed in Holland, 
many of the errors of 925 former are amended, 3 


and ſome particular paſſages are cleared up by 


the notes of the editor, whs ſeems to have 
underſtood his author very well. 

IT Have bern told 8 who were well 
acquainted with this great man, that his trea- 
tiſes were far from acquiring him either the 
advantages or reputation, which he might 
reaſonably have hoped from them. For that 


his cotemporary engineers, wedded to their old 
road, decried him as an unſkilful, ſelf- con- 
ceited pretender; but that he at laſt ſurmount- 
ed theſe effects of their envy and prejudice 
by his defence of fort William at Namur, 


when that place was * by the French; 
after 


PREFACB.. 23 
after this, which eſtabliſhed his reputation, 
he roſe apace to the greateſt military com- 
mands, and immortalized his name by his 
conduct of the ſiege of Namur under King 
Wilkam, and afterwards at Bon, Limburg, the 
citadel of Liege, &c. And his death at the be- 
ginning of the late war in Flanders was a very 
great misfortune to the allies; of which al- 
moſt every ſiege formed by them after the 
year 1707, Was a melancholy proof, 


Brsfpzs being entruſted with the direQion 
of ſieges, he was employed too in the repair- 
ing and new-modelling many of the Dutch 
frontiers. His laſt work, which is left unfi- 
niſhed, was Bergen- Op- oom, which will always 
do honour to his memory. Though he is yet ſo 
little out of the reach of cenſure, that I have | 
heard military men, even in that place, con- 
demn as imperfections, thoſe very circumſtan- 
ces, hence it derives its principal defence. 


cen the great fame which ge- 
neral Cochoorn acquired in real ſervice, it is 
difficult to account for the little regard, which 
hath been paid to his writings. The moſt 
ann reaſon I can diſcover for this negli- 
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peace, is the proneneſs, which wo have always 


ſhewn for the opinions of a neighbouring 
nation, Who, whatever other good qualities 
they may have, were never famous for doing 
Juſtice to the merit of thoſe, who were of ano- 


ther country, and were engaged in an intereſt 


oppoſite to their own, However, preſume, 
his reputation as an apthor is at preſent in- 
creaſing. For I ſaw not Jong ſince in one of 
the moſt conſiderable frontiers belonging to 


France a piece of fortification carrying on, 


which was evidently copied from the wann 
Works of lern. 


Ta von with regard to the Toe 
writers on fortification, I cannot find another 


to place in the fame article with the great 
genius, laſt mentioned; yet there are two 


apthors on the methods of attacking and de- 
fending places (a ſubject nearly connected with 


fortification) who merit the higheſt applauſe, 


I mean Goulon and the Marechal de Vauban. 


The firſt in a ſhort treatiſe, intitied Memaires 
fur Þ Attague et la Defence des places. In which 


he has very diſtinctly inculcated the - principal 
maxims neceſſary in thoſe operations. The 
* in a war which he preſented in 


manuſcript 
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PREFACE. 25 
manuſcript to the late King of France, of 
which copies getting abroad, it was publiſhed 
four years ſince in Holland. In this book Mr. 
Vauban has very circumſtantially deſcribed thoſe 
parts of the attack, which were more imme- 
diately of his own invention; ſuch as the Bat- 
teries q Recochet ; the Parallels, and a pecu- 


| liar conduct of the Sap. Not but that he has 


likewiſe given very ample inſtructions on 
every other neceſſary head; and the whole 
muſt be owned to be a very maſterly per- 
formance, worthy of the experience * ca- 


pacity of its n author. 


Ir might, perhaps, be duped, that I 


mould here mention with approbation the 


{kill of this laſt- mentioned engineer in the 
art of fortifying. But as he has never writ- 
ten any thing himſelf on this ſubject, that 
may excuſe me from ranging him in the liſt 
of authors. But to ſpeak the truth on this 
head, I cannot hut believe from all, I have hi- 
therto ſeen of his works, that he was much 
more to be efteemed for his other talents; than 
for the fortifications he has erected, For 
though I have a very high opinion of his good 
ſenſe and —— 1 do not conceive, that 

his 
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his invention in this art was to be compared 
_— that of Peg Coors, 

| Tavs much may faffice: on "the origin an 
variations of the preſent military architecture, 


We muſt next diſcuſs, what is more immediate- 


ly connected with the purport of the enſuing 
treatiſe ; I mean the invention of Powder and 


Artiltery, with their reſpective improvements, 


and the different e _ have n 
riſe to. = "4 | 


as invention of 3 is uſually 
aſcribed to one Bartholdus Schwartz, -a Ger- 
nan Monk, who diſcovered it, as is ſaid; a- 
bout the year 1320; and the: firſt uſe of it 
in war is commonly ſuppoſed to have been 
by the Venetians againſt the Genoeſe about the 
year 1380. But both theſe ſuppoſitions are 
undoubtedly falſe ; for a compoſition reſem- 
bling that, which we call Powder, is mentioned 
by Roger Bacon, as well known in his time, 
and he lived near fifty years before Schwarts ; 
and there are indiſputably proofs of the uſe 
of rg muckr. earlier . the: year 1380. 


14 


wwe; as ae tiwe of the) difcovery of 


| va 18 confeſledly uncertain, it is not to 


be 


P R E FACE. 1 
be wondred at, that the invention of Gun- 
powder ſhould be obſcure and unknown ; for 
theſe two diſcoveries are ſo connected, that it 
is difficult to conceive, how 'the firſt could be 
long known, eri one latter was found out. 


Tun Aiſtinguiſhing delt of ſaltpetre'1 is 
the prodigious increaſe of inflammability, 
which it produces in all burning ſubſtances, 
when mixed with them; altho' alone and un- 
mixed it will neither flame, nor burn. For 
inſtance, ſaltpetre put into a crucible, and 
placed in the hotteſt fire will only melt, and 
grow red hot, but will neither explode nor 
flame; yet, if any inflammable ſubſtance (ſul- | 
phur ſuppoſe, or coals) be thrown into it, 
a violent blaze will be inſtantly produced, in 
which a part of the ſaltpetre will be conſum- 
ed in proportion to the quantity of the in- 
flammable ſubſtance, which was put to it. 
And a like exploſion will take place, if falt- 
petre be thrown upon any fire. Now it can- 
not be reaſonably ſuppoſed, that this quality 
of ſaltpetre could be long unknown, after the 
ſubſtance itſelf was diſcovered; for the acci- 
dental dropping of any ſmall part of it into 
the fire, would prove its prodigious exploſive 
power when mixed with burning bodies. And 


this 1 


< FI rho ty WORE CIA "Te Logs * = 82 3 _ _— on 1 . 7 3 = 2 _— " '#Y + * I 


0 rn. - 
F ͤ eee; obo ene Orgy oe gene ter IE er — . —— — _ 
nn D INS ox r 8 . ae eg rr 


CE wan 


Rr * Oy * ey". AS E 


* —— — Oo = 
— . — — 2 ro RR 
W * " r 
2 — 
gm” * 


i 5 
2 1 
o 


F vF C .-/ 2 — 2 — _— 0 REY > "i 
— — — II ** —_ 
Wo — ; ; 
— — . ]³ V 7 ̃⅛ 1 ̃§³w ! opt oy oe» 7 
— > 5 


"as. PREFUHCE 


_this being once obſerved, it was thence a very 
natural and obvious thought to invent a com- 
poſition of ſaltpetre mixed with any inflam- 
able ſubſtance, which would burn more vio- 
lently than any known before. And our 


preſent Gun- powder is only the improvement 


and en gk. ſuch a mixture, 


On this ſuppoſition then, if we knew the 


time, when ſaltpetre firſt came in uſe ; we might 


give ſome gueſs, when mixtures reſembling 
our preſent Gun- powder were firſt invented. 
Now the moſt general opinion on this head 
is, that faltpetre was firſt diſcovered, either 


by the Arabians or the later Greeks about the 


middle ages of our æra; when alchymy and 


. chymiſtry were eagerly purſued by both na- 


tions. For its Arabick name is ſaid to be 
expreſſive of its exploſive quality; and the 
Greek fires uſed in war by the later Greet 
Emperors (if the effects attributed to them by 


many authors are true) muſt have had ſalt⸗ 
| petre in their com palition. ff. 


IxpEED ſome moderns (miſled by a a 


larity of name) have ſuppoſed laltpetre or 


nitre to have been known to the ancients. 


But 3 are now agreed, I think, that 
the 
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the ſubſtance mentioned by ſome ancient wri- 
ters, and deſcribed by Pliny, by the appella- 


tion of nitre, is a ſalt altogether different, from 
what we call ſalkpetre. 


Now, that the firſt invention of Gun- 
powder (or of compoſitions reſembling it) did 
long precede the time of Schwartz or 0 Ba- 
con, and may thence be reaſonably ſuppoſed 
nearly coeval with the knowledge of faltpetre, 
appears from Bacon (*) himſelf; for it is not a 
new compoſition, which he propoſes, but the 
application of an old one to military pur- 
poſes. And from his words it plainly appears, 
that a mixture of ſaltpetre with other ſub- 


(*). Bacon tells us, that ſound like . and light- 
nings greater than thoſe produced by fature, might be 
made by art; and this many ways, by which a city or 
an army might be deſtroy d,; and he ſuppoſes it to be by 
an artifice. of. this kind, that Gideon defeated the Mid- 
arfites: And having in another treatiſe, mentioned almoſt 
the ſame thing in different words, he adds, Et experi- 
mentum hujus rei capimus ex hoc ludicro puerili quod fit in mul- 
tis mundi partibus. fſeil, ut inſirumento fads ad quantitatem fol- 
leis humani ex wiolentia illius ſalis, qui Sal PETRA woca- 
tur, tam horribilis ſonus naſcitur in ruptura tam modice rei, 
ſcil. modici pergameni, quod fortis tonitrui excedere rugi- 
tum, & corruſcationem maximam fait lumins jubar trcedit. 
Vid. Doctor * Preface to his edition of Baron's Opus 
Majus, 


ſtances 
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ſtances was then vulgarly uſed for the mak- 
ing of recreative fire-works. And this ap- 
pears yet plainer from the treatiſe of Mar- 
cus Gracus, intitled, Liber ignium (*); for 


this author deſcribes two kinds of fire-works, 


one for flying, and the other for making a 
report. The caſe or Cartoucbe (Tunica) for the 
firft he directs to be made long and ſlender, and 


the compoſition to be very cloſe rammed; the 


caſe for the ſecond he orders to be thick and 
ſhort, to be ſtrongly tied at both ends, and ta 


be but half filled; and the compoſition he 


preſcribes for both is two pound of charcoal, 
one pound of ſulphur, and fix pound of falt- 


petre, well powdered and mixed together in 


a ſtone mortar : And this will be allowed to 
be a ſtronger compoſition, than what great 
quantities of Powder are every day made 
with, Now though the age of this writer is not 
well aſcertained, yet it muſt have preceded 


the uſe of artillery; for he does not in any 


place (as I can learn) mention theſe compo- 
ſitions as uſed in war ; and as he pretends not 
to be the inventor of theſe ſerpents or crack- 
ers (for ſuch we ſhould now call them) nor 


000 This is a manuſcript in the poſſeſſion of Dr. Mead; 
but what is here mentioned is quoted by the editor * Bas» 
con's Oper Majus in the preface, 
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ſpeaks of them as recent, we may reaſonably 
preſume, they were in uſe long before his 
time. | 


Tux firſt application of this mixture to 
military affairs, ſeems to have been ſoon af- 
ter the year 130g. Bacon's: propoſal (which | 
was about the year 1280,) to make uſe of its 
enormous exploſion, for the deſtruction of 
armies might give the firſt hint, which 
others might afterwards purſue. Schwartz 
inſtead of being the firſt inventor of Gun- 
powder, might poſſibly be one of the firſt, 
who thus apply'd it; and indeed the common 
account of the manner, in which he came at 
his invention, very much favours this opi- 
nion (&). And Wen the different improve- 
: | ments 


_ (*) The uſual manner in which it is told is, that Ken 
having pounded the materials of Gun-powder in a mortar, 
which he afterwards covered with a ſtone, a ſpark of fire 
accidentally flew into the mortar, and the exploſion blew 
the ſtone, which covered the mortar, to a conſiderable diſ- 
tance. Now we have proved, that Schwartz, who was a 
chymiſt, could not diſcover the compoſition by this 
means, becauſe it was commonly known before; but he 
might from hence be taught the ſimpleſt method of apply- 
ing it in war: For Bacon ſeems rather to have conceived 
the manner of uſing it to be by the actual effort of the 
flame againſt the bodies it might meet with in its expan- 
| fion, 
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32 PREFACR 
ments ſoon added by others, or the proſecu - 
tion of Bacon's thought in different places, 

may have given riſe to the different dates 
aſſigned by hiſtorians for the firſt uſe of ar- 
A 

Gun-PowDeER for ſome time after the in- 
vention of artillery, was of a compoſition 
much weaker (*) than what we now uſe, or 
than that ancient one mentioned by Marcus 
Grecus; but this, I preſume, was owing to 
the weakneſs of their firſt pieces, rather than 
to the ignorance of a better mixture. For 
the firſt pieces of artillery were of a very 
clumſy, inconvenient make, being uſually 
framed of ſeveral pieces of iron fitted together 
lengthways, and then hoop'd with iron rings; 
and as they were firſt employed in throwing 
ſtone bullets of a prodigious weight, in imi- 
tation of the ancient machines, to which they 


ſion. The 3 and name of mortars given to a ſpe- 
cies, of the old artillery, . and their employment (which 
was throwing great ſtone bullets at an elevation) very much. 
corroborate this conjequre. 

(*) Yide Tartalea in his Queſiti & Inventioui, Lib. 3. Quefita 
5. where there are ſet down twenty-three different com- 
poſitions made ufe of at different times. The firſt of 
which being the moſt ancient, contains equal parts of 
nitre, ſulphur, and charcoal. | 


I ſuc- 
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ſucceeded, they were of an enormous bore. 
But the difficulties of conducting and ma- 
naging theſe cumbrous pieces, and the diſ- 
covering that iron bullets of much leſs weight 
than ſtone ones would be more efficacious, 
if impelled by greater quantities of ſtronger 
powder, ſoon. occafioned an alteration in the 


matter and fabric of theſe firſt pieces, and 
gave riſe to what we ſtile braſs cannon, which 


though lighter. and more manageable, were 


yet much ſtronger in proportion to their bore; 


by which means they would endure great 
charges of a better powder, than what had 
firſt been uſed; and their iron bullets (which 
were from forty to ſixty pound weight) being 
impelled with greater velocities were more 
effectual than the weightieſt ſtones could ever 
prove (&). 

oY By 


(*) The time when this change took place, and the 
advantages ariſing from it, are mentioned by Guicciardin, 
who ſpeaking of the French army intended for the Invaſion 
of [taly, in the year 1494, ſays, 

Et per unirſi con queſto eſerci as erano ſtate condotte 


per mare a Genoua quantita grande d artiglierie da battere 


le muraglie, & da uſare in campagna, ma di tal forte, che 
giammai non haveva veduta Italia le fimiglianti. Queſta peſte 
trovata molt” anni innanzi in Germania, fu condetta la prima 


volta in Italia da Venetiani nella guerra, cove circa Pann 
delia 
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34 PREFACE. 
By this means, powder compounded in 
the ſame manner, which is now practiſed by 


della ſalute 1380, hebbono i Genoueſi con loro. — D 


"nome delle maggiori era bombarde, le quali, parſa dopo 


queſta inwentione per tutta Italia, . adoperavano nell oppugna- 
tioni delle terre, alcune di ferro, alcune di bronzo, ma groſ- 
fiffime, in modo che per la macchina grande, & per [imperi- 
tia de gli huomini, & mala attitudine de gÞ inſtrumenti tar- 
diſimamente & con grandiſima difficulta fi conducevano, pian- 
tavanſs alle terre co mede/imi impedimenti, & piantate era 
dall un colpo all altro tanto intervallo, che con piccoliſſimo 


frutto, a comparatione di quello, che ſeguitè dopo, molto 
tempo conſumawano, donde i defenſori de Juoghi oppugnati 8 


hawevano patio di e otioſamente fare di dentro ripari & 
fortificationt Ma i Franteſi fabricando przzi mollis 
piz eſpediti, ne d altro che di bronzo, i quali chiamavono'Can- 


noni, & uſando palle di ferro, dove prima di pietra, & ſenza 


comparatione piu groſſe & di peſo graviſſimo Suſavano, 
li conducevano in fulle carette, tirate (non da buoi, come in Italia 
"fi coftumava) ma da cavalli con agilitd tale d huomini, & 
d'inſtrumenti deputati a queſto ſervigio, che quaſi ſempre al 
pari de gli eferciti caminavans, & condette alle muraglie eras 
piantate con preſtexxa incredibile, et inter ponendgſi dall un colps 
all altro piccoliffimo inter vallo di tempo, n ppeſſo, & ton impeti 


gagliardo percuotevano, che quello che prima in Italia ' fare 


in molti giorni fi ſoleva, da loro in pochi/ſime hore fi faceva. 
Vid. Guicciardin's Hiſtory, L. I. p. 24. 4to. Venet. i 562. Whiat 
this author obſerves of the prodigious ſize of the ſtone bullets 
uſed whilſt the old pieces were in faſhion, will be better under- 
food by knowing, that when Malomet the ſecond beſieged 
 Conſtantineple in the year 1453, he battered the walls with 
Kone bullets, and his pieces were ſome of them of the calibre 
of 1200 pounds; but then they could not de fired more 
Gan four times a day. 


all 
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all Europe, came in uſe (*). But the change 
of the proportion of the materials compoſing 
it, was not the only improvement it received. 


The invention of graining -it, is doubtleſs a 


conſiderable advantage to it. For powder at 
firſt was always in the form of fine meal, ſuch 
as it was reduced to, by grinding rhe materials 
together. And it is doubtful, whether the firſt 
graining of powder Was intended to increaſe 
its ſtrength, or only to render it more conve- 
nient for the filling into ſmall charges, and 
the charging of ſmall arms, to Which alone 
it was applied for many years, whilſt meal- 
powder was ſtill made uſe of in cannon. But 
at laſt the additional ſtrength, which the 
grained powder was found to acquire from 
the free paſſage of the fire between the, grains, 


(} we learn from Tartalea, that the cannon powder i in | 
his time (polvere grofſa moderna) was made of four parts 


ſaltpetre, one part ſmlphur, and one part charcoal; and the 


muſquet powder of forty-eight parts ſaltpetre, ſeven parts 
ſulphur, and eight parts charcoal; or of eighteen, parts ſalt- 
petre, two parts ſulphur, and three parts charcoal. Theſe 


| compoſitions for muſquet powder are very near the preſent 


ſtandard; the firſt having in one hundred pounds of powder, 
abqut one pound of ſaltpetre more than is at preſent allowed, 
and the ſecond three pounds more. 


GA o- 
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occaſioned the meal- powder to be entirely laid 
aſide (*). 


THe formation of artillery hath been very 
little improved in the laſt two hundred years; 
the beſt pieces now caſt not differing greatly 

in their proportions from thoſe made in the 
time of the emperor Charles V. Indeed lighter 
and ſhorter pieces have been often propoſed, 


(*) That powder was firſt uſed in meal; and that long 
after the invention of graining it for the uſe of ſmall 
arms, cannon-powder continued in its old form, are facts 
not to be conteſted. Tartalea in his Quæſiti, L. 3. Queſ. 9. 
and 10. expreſsly aſſerts, that then the cannon- powder 
was in meal. and the muſquet- powder grained. And our 
countryman William Bourne, in his Axr or SHoOTING ix 
GREAT ORDNAUNCE, publiſhed forty years after Tartalea, 
tells us in chap. 1. that ſerpentine-powder (which he op- 
poſes to corn or grained-powder) ſhould be as fine as ſand, 
and as foft as flour: And in his third chapter he ſays, that 

two. pounds of corn-powder will go. as far as three pounds 
of ſerpentine- powder. Alſo Sir Henry Manwayring, in his 
Seaman's Dicrioxaxx preſented to the Duke of Bucking- 
ham in the time of Charles I, under the word poavaer, 
tells us, there are two kinds of powder, the one ſerpentine- 
| powder, which powder is duſt (as it were) without corning 
The other is corn-powder. Though he informs us 
the ſerpentine-powder was not uſed at ſea. Indeed when 
that book was wrote, I believe, powder was uſually corned, 
for the foreign writers on artillery had long before recom- 
mended its s general uſe. 


and 


-\ 
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and eſſayed; but, though they have their 


advantages, and are extremely uſeful in par- 
ticular circumſtances; yet it ſeems now to be 


agreed, that they are altogether inſufficient for 
general ſervice. But though the proportions | 
of artillery have not been much varied within 
that period; yet its uſe and application have 
undergone conſiderable changes, the ſame ends 
being now generally purſued by ſmaller pieces, 
than what were formerly thought neceſlary. 


Thus the battering-pieces now univerſally ap- 


proved gf, are the demi-cannons, carrying a a 
ball of twenty-four. pound weight; it being 
found by experience, that their ſtroke, though 
leſs violent than that of larger pieces, is yet 


ſufficiently adapted to the ſtrength of the uſual 


profiles of fortification ; and that the facility 
of their carriage and management, and the 
ammunition they ſpare, give them great ad- 


vantages beyond the whole cannons formerly 


employed in making breaches, . The method 
too (now generally followed) of forming a 
breach, by firſt cutting off the whole wall as 


low as poſſible, before its upper part is at- 


tempted to be beat down, ſeems alſo to be a 


conſiderable modern improvement in the prac- 


tical part of artillery. . For I do not remember 
to have ſeen this procedure recommended. by 
C 3 any 
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any ancient author; and Gabriel Buſca (* 
who boaſts much of his great experience, 
expreſsly directs the contrary. Indeed Collado 
mentions it as the practice of the Turks (+); 


but it is without commending it, or Free | 
it as an example to be followed. 


Bo the moſt important improvement in 
the practical management of artillery (for of 
the ſcientific part we ſhall treat by itſelf) is 
the method of firing with ſmall quantities 
of powder, and elevating the piece ſo that the 
billet in its deſcent may juſt go clear of the 


(*) Vid. His Ifruttione de Bombardieri, printed at Car- 
Mitgnola in 1584, cap. xxxvii. in which place he orders the 
breach to be begun at the upper part of the wall, and from 
thence to be continued downwards, 

(1) Vid. Pratica Manuale di Arti glieria dal Mag. Signor 
Luigi Collade Hiſpano, Bettico, Nebriſenſe, printed at Venice in 
the year 1586, cap. xx. Where he fays nelle fattioni 
el gran Turco - ſempre fi adoperano i pexxi— da 
tagliart le muraglie per di ſotto di efſe tranſeerſalmente, et di- 
Poi di alto in baſſo a perpendicoio, & applicandevi poi tutti a un 
tratts i boft ;ſchi, con che fanno caſcar giù quella part? di mura- 
Zia che era gia tagliata, This book bere quoted was com- 
poſed and publiſhed in 7ralian, although the author was a 
Spaniard, | But he ſerved as an engineer in the Spaniſb army 
in Traly. And he tells us in his preface, that he ſoon intended 
ts re-publiſh it in Spanzſo, which laſt edition is, I preſume, 
Wars quoted by Blondel in r his Art 4 jetter les Bombes. 
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parapet of the enemy, and drop into their 
works. By this means the bullet coming to 
the ground i in a ſmall angle, and with a ſmall 
velocity, it either bounds or rolls along in 
the direction it was fired in; and therefore, 
if the piece be placed in a line with the 
battery it is intended to filence, or the front it 
is to ſweep, each ſhot rakes the whole length 
of that battery or front, and has thereby in- 
finitely more chance of diſabling the defend- 


ants, and diſmounting their cannon, than it 


would have, if it was fired againſt the fame - 
works in the common manner. This diſpoſi- 
tion of artillery, which is indeed a moſt uſeful 
one, is the invention of the Marechal de Vau- 
ban, and is by him tiled Batterie d rico- 
chet (*) and was firſt put in practiſe at the 


ſiege of All. in the year ( 1692. 


Ar TER this brief recital of what has been 
done in the mechanic part of Gunnery, we 


muſt next mention the different theories, 


which have been from time to time advanced 
in relation to the motions of ſhells and bullets; 


(*) Vid. his book De 7 Attaque et la Defence des places: 
(+) Vid. the Journal of this ſiege printed at the end of the 


laſt edition of Goulon's Memoirs. 
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in which inquiry we ſhall not indeed find 
many things worthy of approbation, or even 
of attention; but however, as it is a theme in 


| ſome meaſure connected with the ſubject of 


the following treatiſe, we muſt beg the read- 


er's indulgence. 


Tx firſt author I have ſeen, who has pro- 


feſſedly written on the flight of cannon-ſhot, 


is Tartalea, a elated” Italian mathema- 
tician, famous ſor having invented the me- 
thod of ſolving cubic equations, which is uſu- 


ally aſcribed to Cardan. This author in his 


Neva Scientia, printed at Venice in the year 
1537, and afterwards in his Queſitz et Inven- 
tron: diverfi, printed at the ſame place in 
1546, has profeſſedly diſcuſſed ſeveral parti- 
culars relating to the theory of theſe motions. 
And though the then imperfe& ſtate of me- 
chanicks furniſhed him with very fallacious 
principles to proceed on, yet he was not alto- 


gether unſucceſsſul in his inquiries: for he is 


ſuppoſed to be the firſt who aſſerted, that the 
greateſt N of projectiles was at an eleva- 
tion of 45%. He likewiſe determined (con- 
trary to the opinion of practitioners) that no 
part of the track deſcribed by a bullet was a 


Tight line; although the curvature was in ſome. 


caſes 


for his Purpoſe, 


REFA 
caſes ſo little, as not to be attended to, he 
comparing it to the ſurface of the ſea, which 


though it appears to be a plain when partially 


conſidered, is yet undoubtedly incurvated round 
the center of the earth. He alſo aſſumes to 
himſelf the invention of the gunner's qua- 
drant, and has often given ſhrewd gueſſes at 
the event of ſome untried methods, which 
were propoſed to him. But as he had never 
been converſant in the practice of artillery, - 
but founded his opinions on ſpeculation only ; 
almoſt all the writers, who ſucceeded him, were 
perpetually carping at him, though often with- 
out naming him; of which many examples 
might be given from the works of Buſca, 
Collado (*), Ufano, Simienowicz, &c. And 
the philoſophers of thoſe times often inter- 
vening in the queſtions hence arifing; there 


were hereby many diſputes on motion ſet on 


(* Collado cap. Ixiii. denies that Tartalea was the in- 
ventor of the gunner's quadrant, and quotes Daniel Sant- 
bech, or Regiomontanus (for he confounds them) as having 
known it many years before. But the truth is, that Sanr- 
bech's book from whence his quotation is taken ( Problema- 
tum Aſtronomicorum & Geometricorum ſectiones ſeptem) was not 
printed till the year 1561, which was long after Tartalea. 
Nor did Santbech, though he talks of the different elevations 
of artillery, know the method of framing a quadrant proper 
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foot (eſpecially in Faly) which continued till 


the time of Galileo, and perhaps gave riſe to 
his celebrated dialogues on motion, which 


were firſt printed in = year 1638. And in 
this interval, or before the doctrine of Galileo 


was eſtabliſned, many theories of the mo- 


tions of military projectiles, and many tables 


of their comparative ranges at different ele- 


vations were publiſhed; all of them egregiouſ- 
ly fallacious, and utterly wreconcileable with 
the motions of thoſe bodies, although ſome of 
them were the labours of 1 who had ſpent 
the greateſt part of their lives in employ- 


ments relating to the artillery. Such were 


the tables of Ufano, of Galeus, of Ulrich, &c. 
taken notice of by Blondel (*). To which 
might be added many more not mentioned 
by that author. Indeed there have been very 
few ancient writers on this ſubject (and they 
are a numerous ſect) who have not indulged 
themſelves in ſome ſpeculations on the differ- 
ence betwixt natural, violent. and mixt mo- 


tions; although in the 1 of theſe 


{*) Note, the opinion diſcuſſed by Blondel in his Art a, 


jetter les Bombes, cap. v. is not originally of Riva/tius, whom 
Blonde quotes for it; but of the laſt mentioned Santbech, from 


* * ſole it. Vid. Santbech, ſect. 6. 
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der (*). The next is our countryman Bourne 


RTF — 
miſtaken notions, ſcarce any two of them 
agreed. 


But what is moſt ſtrange, is, that during 
theſe conteſts ſo few of thoſe, who were in- 
truſted with the charge of artillery, ſhould 


think it worth while to examine their reſpec- 


tive theories by proper experiments. However 


thus it has happened, for I do not remember to 


have met with more than four authors, who 


have actually tried the ranges of ſhot and ſhells 
at different elevations, The firſt of theſe is 
Collado, who has given us the ranges of a 
falconet carrying a three pound ſhot to each 
point of the gunner's quadrant, But from his 
numbers it is manifeſt, that the piece was not 
charged with its cuſtomary allotment of pow- 


in 


(*) The reſult of his trials was, that the point blank 
ſhot extended 268 paces. At an elevation of one point 
(which is the twelfth part of the quadrant or 7* ;) the 


range was 594 paces ; at an elevation of two points, the 


range was 794 Paces ; at three points, 954 paces; at four 
points, 1010 paces ; at five points, 1040 paces ; and at fix 
points, 1053 paces. The range at the ſeventh point fell 


between thoſe of the third and fourth; at the eighth poigt | 


it fell between the ranges of the ſecond and third ; at the 
ninth point it fell between the ranges of the firſt and ſe- 
| | cond ; 
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in a treatiſe printed. the next year after Col. 
lads, His elevations were not regulated by 
the points of the gunner's quadrant, but by 
degrees; and he aſcertains the proportion be- 
tween the ranges at different elevations, and 
the extent of the point blank ſhot (*). But 
he has not informed us, with what piece he 
made his trials; though by his proportions, I 
preſume, it muſt have been a ſmall one. It were 
to be wiſhed, that he had ſet down this cir- 
cumſtance; for we ſhall hereafter ſhew, that 
the relation between the extent of different 
ranges will vary extremely, according to the 
velocity and denſity of the bullet. The other 


cond ; at the tenth point it fell between the point blank 
diſtance and that of the firſt point ; and at the eleventh 
point it fell very near the piece. Vid. Cap. lxi. And 
note, that the paces uſed by this author are not geome- 
trical paces, but common ſteps, as he informs us Cap. xlii. 


(*) If 1 repreſents the extent of the point blank ſhot, 
then according to this author, the range at 5* will be 
24, at 10“ it will be 3+, at 15? it will be 43, at 2o” it 
will be 4, and the greateſt random will be 5+ ; which. 
greateſt random, he tells us, in a calm day is at 42˙; 
but according to the firength of the wind, and as it fa- 
vours or oppoſes the flight of the ſhot, it may be from 
45? to 36®. Vid. His art of ſhooting in great ordnaunce, 


Lat. vii. 


two, 
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two, which have occurred to me, are Eldred and 


Anderſen, both Engliſhmen ; the laſt of theſe 
having vitiated his experiments by his too 
great attachment to an erroneous theory, I 
{hall have occaſion to mention. him hereafter. 
But Eldred (*) deſerves a better character; his 
principles were ſufficiently fimple, and though 


not rigorouſly true, they were, within certain 
limits, near the truth. He has given us the 


actual ranges of different pieces of artillery at 
ſmall elevations, all under ten degrees. His 
experiments are numerous, and appear to be 


made with great care and caution; and he has 


honeſtly ſet down ſome, which were not re- 
concileable to his ct; and upon the whole 


| ſeems to have taken more pains, and to have 


had a juſter knowledge of his buſineſs, than is 
to be found in many of his practical brethren. 
For they have been generally too much attach'd 


to ſome incorrect theory, or to the common 


uſage which they have always followed, to 
think of extending their art by proper expe- 


(*) His book is intitled THE cuxNnzr's Glasst, and 
the experiments he relates were moſt of them made at Dower- 
Caſtle, of which place he was many years maſter-gunner. 
The earlieſt date I find to any of his experiments is 1611, 
but his book was not publiſhed till 1645. 


riments, 


"= PREPACE. 


riments, or indeed to conceive, that it was not 
already compleat ; it would otherwiſe have been 
impoſſible, that poſitions ſo little to be reconciled 
with experience, ſhould have held their ground 
ſo long as they have done; a remarkable inſtance 
of which, is the doctrine which has taken 
place in this ſubject, ſince the time of Galileo. 


GALILEO printed his dialogues on motion 
in the year 1638, as we have already obſerved; 
and in theſe he has pointed out the general laws 
obſerved by nature in the production and com- 
poſition of motion, and was the firſt, who de- 
ſcribed the action and effects of gravity on 
falling bodies; and on theſe principles he de- 
termined, that the flight of a cannon- ſhot, 
or of any other projectile, would be in the 
curve of a parabola, unleſs ſo far as it were 
diverted from that track by the reſiſtance 
of the air. And what inequalities would 
thence ariſe, he has propoſed the means of 
examining; for he has deſcribed a method of 
diſcovering what ſenſible effects, that reſiſt- 
ance would produce in the motion of a bul- 
let at ſome given diſtance from the piece. 


WIEN Galileo had has ſhewn, that, inde- 
pendent of the reſiſtance of the air, all pro- 
jectiles 


iles 


W cannon-ſhot; 
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jectiles would in their flight deſeribe the curve 
of a parabola; i tmight have been expected, that 
thoſe, who came after him, would 4 tried, hovy 
far the real motions of projectiles deviated from 
a parabolic track; in order thence to have de- 


cided, whether the reſiſtance of the air was, 


or was not, neceſſary to be attended to in the 
determinations of gunnery. But inſtead of 
this cautious procedure, the ſubſequent wri- 


ters on gunnery have boldly aſſerted (without 


an experimental examination) that no conſi- 
derable variation could ariſe from the reſiſt- 
ance of the air, in the flight of ſhells or 
ſupporting themſelves in this 
perſuaſion chiefly by the conſideration of the 
extreme rarity of the air, compared with 
the denſe and ponderous compoſition of thoſe 
projected bodies. And hence (this maxim 
of the inconſiderable effects of the air's re- 
ſiſtance to the motion of ſhells and bullets, 
being continually repeated and copied by ſuc- 
ceeding authors,) it is now become an axi- 
om almoſt generally acquieſced in, that the 
flight of theſe bodies is nearly in the curve 
of a parabola, 


Fox in the year 1 674, our countryman Au. 
der fon publiſhed his treatife of the genuine uſe 


and 
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and effects of the gun. In which he proceeds 
on the principles of Galileo, and ſtrenuouſſy 
aſſerts the flight of all bullets to be in the 
curve of a parabola; undertaking to anſwer 
all objections, that could be urged to the con- 
trary. And in the year 168 3, monſieur Blon- 
del publiſhed at Paris L' Art de Jetter les 
Bombes, where the doctrine of Galileo is like. 
wiſe applied to the motion of ſhells and bul- 
lets of all kinds, and the variations of this 
doctrine, which can ariſe from the reſiſtance 
of the air, are particularly mentioned; and 
after a long diſcuſſion the author concludes, 
that they will be ſo very minute as ſcarcely to 
affect the accuracy of his concluſions (*). 
Alſo, the ſame ſubject is treated of in our Phi- 
loſophical Tranſactions (+) by Dr. Halley, who, 
ſwayed by the conſideration of the very great 
diſproportion between the denſity of bullets 
and of the air, thinks it reaſonable to believe, that 
the oppoſition of the air to large metal ſhot 
is ſcarcely diſcernible ; although in ſmall and 
light ſhot he acknowledges, that it ee and 
muſt be accounted for. | 
In conſequence then of theſs: opinions a- 
bout the inconſiderable effects of the air's re- 


() Vid. page 345. of the firſt quarto edition at the 
bottom, alſo page 355, and following. 
() Vid, No. 216. p. 68. ſiſtance 
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ſiſtance on heavy ſhot, and the demonſtrations 


eds of Galileo, that all projectiles moved in the 
ly curve of à parabola, if they were not diſturb- 
the ed by that reſiſtance; it is now an opinion ge- 
ver nerally advanced by the writers on the theory 
On- of Gunnery, that the flight of ſhot and ſhells 
on- is nearly in the curve of a parabola ; for the 
"a truth of which, we may appeal to the pro- 
e- 


feſſed authors on this ſubject, who have wrote 
within the laſt forty years. | 


Bu r though this hypotheſis went ſmoothly 
on with thoſe, who contented themſelves with 
ſpeculation only; yet Anderſon, who made a 
great number of trials, found it impoſſible 
to ſupport it without ſome new modification. 
For though it does not appear, that he ever 
examined the comparative ranges of either 
cannon or muſquet ſhot, when fired with their 
uſual velocities; yet his experiments on the 
ranges of ſhelis thrown with ſmall velocities 
(in reſpe& of thoſe laſt mentioned) convinced 
him, that their whole track was not parabo- 
lical, as appears by his treatiſe, intituled, To 
bit a mark, publiſhed in the year 1690. But 
inſtead of making the proper inferences from 


FF # # 4 


great attachment to his firſt opinions framed 
Vol. k D | a new. 
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ever oppoſite they might prove to the com- 


 hrities of three were inſurmountable. | And, 
if ſuch mequalities were produced by the re- 
' fiſtance of the air in the motion of a ſhell, 
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a new hypotheſis, which was, that the ſhell 


or bullet at its firſt diſcharge, flew a certain 
diſtance in a right line, from the end of 
which line only it began to bend into a para- 
bola. And this right line, which he calls the 
line of the impulſe of the fire, he ſuppoſes 
to be the ſame in all elevations. By this hy- 
potheſis (though an indefenſible one) it was al- 
ways in his power, by aſſigning a proper mag- 
nitude to this line of impulſe, to reconcile 
any two ſhot made at different angles, how- 


beds ao [.T Y 


mon principles. But even this new-modelled 
theory was not, I believe, confirmed by 
his following experiments; for he has no 
where ventured to give us experiments of three 
ranges made at three different elevations, with 
the ſame quantity of powder; as finding, 
I preſume, that though by this ſcheme he 
could reconcile two jarring ranges, the irregu- 


im pelled from a mortar by an inconſiderable 
quantity of powder, what may not the acti- 
on of the air be fuppoſed to effect in the mo- 
tions of bullets, which being impelled by a 
full charge of powder through a much longer 
cylinder, move perhaps three or four times 
3 — | as 
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ad faſt ; and conſequently undergo near fifty. 
times the reſiſtance, as will be more particu- 
larly evinced hereafter. 


TA Ar the reſiſtance of the air, which 
acts with ſuch prodigious power on all ſwift 
bodies, ſhould be entirely unattended to by the 
practitioners in Gunnery, is not the only re- 
markable circumſtance, which occurs in this 
enquiry ; for after the publication of Sir 1/aac 
Newton's Philoſophia Naturalis Principia Ma- 
thematica it might have been expected, that 
all mathematicians ſhould have been convinced 
of its energy ; fince in that immortal work 
the law and quantity of this reſiſtance to 
flow motions is determined, and confirmed by 

many experiments. Indeed the ſame law, 
when extended to ſwift motions, will be defec- 
tive, and will exhibit the reſiſtance greatly 
ſhort of what, it really comes out by experi- 
ment, (of which Sir Jaac Newton himſelf has 
given us (*) warning ;) yet even upon his prin- 
ciples it would appear, that the action of the 
air on bullets is by far too conſiderable to be 
neglected, But notwithſtanding this obvious 
proof 'of the neceſſity of conſidering the acti- 
on of the air on military projectiles; I can re- 
collect but one inſtance, where any computa- 


(* Vid. Phil. Nat. Prin, Math. p. 351. 1. 17. 1 
D 2 tions 
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tions founded on Sir Iſaac Newton's doctrine, 
have been applied to theſe motions (). 

To ſum up now at once all we here intend | 
to obſerve on this head. It appears, that the 
modern writers on the art of Gunnery have. 
been very much deceived, in ſuppoſing the re- 
ſiſtance of the air to = inconſiderable, and 
thence aſſerting, that the track of ſhot and 
ſhells of all kinds is nearly in the curve of a 
parabola, That by this means it has happen- 
ed, that all their determinations about the 
flight of ſhot diſcharged with conſiderable 
degrees of celerity are extreamly erroneous; 
and conſequently that the preſent theory of 


Gunnery in this its moſt important branch 1 iS 
uſeleſs and fallacious, | 


Now to obviate in ſome degree theſe im- 
perfections in this art, we have undertaken in 
the ſecond chapter of the enſuing treatiſe, 
not only to confirm, what we have here aſ- 
' ſerted relating to the falſity of the parabo- 
lic motion of theſe projectiles; but likewiſe 
to aſcertain the actual degree of reſiſtance, 
which every ſhot undergoes according to the 
| velocity, with which i it moves; whence, as the 


| (*) Vid. comm. Acad, Petrop. Tom. 2. P. 338. 339. 
hs | ve- 
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velocity, with which the bullet iſſues from 
the piece, is eaſily known by the principles 
delivered in the firſt chapter; the delineation 
of the track paſſed through by the bullet 
hereby becomes a geometrical problem, which 
indeed in its utmoſt extent is of a very com- 
plicate and operoſe kind; but in the inſtances 
which are moſt frequent in practice, it ad- 
mits of ſome very eaſy approximations, which 
enable us readily to compare the actual ranges 
of bullets with the reſult of this theory. 


AND though ſuch, as examine the follow- 
ing treatiſe with attention, will not, I be- 
lieve, entertain many doubts of the certainty 
of the determinations therein contained ; yet 
it might have been expected perhaps, that 
the accuracy of thoſe principles ſhould have 
been ſtill more irrefragably eſtabliſhed by ex- 
periments on the real ranges of pieces, com- 
pared with computations founded on this 
theory. And, indeed, I did once intend to 
have added a chapter with this view ; but 
two reaſons have diverted me from this de- 
ſign. The firſt was, the difficulty I found in 
aſcertaining the extended ranges; a difficulty, 
which none but thoſe, who ſhall attempt ex- 
periments of the ſame kind, can be judges of. 
The ſecond reaſon was an irregularity which, 
2 -23- in- 
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intervened in theſe ranges, and which ren- 


dered all my endeavours fruitleſs; for the 


ſame piece at the ſame elevation would con- 


vey the bullet to very diſtant places, ſo that 
no two. trials agreed with each other ; as I 


have more particularly recited in the -th pro- 
poſition of the 2d chapter. 


Bur novoichſiading theſe difficulties, which 
have hindered me from inſerting in the fol- 


lowing treatiſe ſuch experiments on the 


ranges of ſhot, as might corroborate the 
theory of reſiſtance there delivered, I have 
yet reſolved to purſue this ſubject; and ] flat- 


ter myſelf, that I have invented a method of 


preventing the laſt-mentioned inequality from 
taking place, which unleſs it can be done, it 
is ſufficiently obvious, how fruitleſs all experi- 


ments of this kind 8 prove. The reſult 
of my future trials on this head, I intend for 


a ſecond part to this treatiſe ; in which, be- 


ſides theſe experiments on the track de- 
ſeribed by the flight of bullets, and the ne- 


ceſſary geometrical determinations, with which 
they muſt be compared, I propoſe to inſert 
many other experiments, which though of a 
miſcellaneous nature, are yet all of them con- 
nected in ſome degree with the theory or 
practice of Gunnery. I ſhall alſo annex to 
—— 8 5 this 
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this ſecond part many maxims and practical 


precepts, which will ariſe from the preced- 
ing principles; E and will, I hope, be of ſome 


conſequence in the future management of 


artillery. A canſiderable part of this ſecond 


| work I have already by me; as likewiſe an 


mg purpoſely intended for compleating 
But thoſe experiments, which are yet 
3 will require great leiſure and a pro- 


per ſeaſon to execute, 


As the following ſheets, beſides the deter- 
mination of the quantity of the air's reſiſt- 
ance, do likewiſe contain the theory of the 
force, and action of powder; it may perhaps 
be expected, that I ſhould give ſome account 


of what preceding authors have advanced on 


this ſubject. But all, I. have ever met with on 
this head, hath been ſo vague and indiſtinct, 
that it is often difficult to determine the true 
meaning of the writer. The moſt intelligible 


| hypotheſis on this head, and what ſeems indeed 


to have been the original of all the 1 is 
nt of monßeur de la Hire. | 


5 the hiſtory of the French Academy of ſci- 
ences for the year 1702, monſieur de la Hire has 
ſuppoſed, that the force of powder may be ow- 
ing to the increaſed elaſticity of the air con- 
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tained i in, and between the grains, in conſe. 
quence of the heat and fire produced at the 
time of the exploſion. Now, if this air, to 


whoſe augmented ſpring the violence of gun- 


powder is imputed, be in its natural ſtate, at 


the time when the -powder is fired (and ſure. 
ly what is in the intervals of the grains muſt 


be allowed to be ſo) the greateſt addition its 


elaſticity could acquire from the flame of 
the exploſion, would not amount to five times 
its uſual quantity, as we ſhall more particu- 
larly evince hereafter (*); that is, it would 
not ſuffice for the two hundredth part of the 
effort, which we have found to be exerted 
by fired powder. 


HowEveR, this hypotheſis hath given riſe 
to many diſſertations and treatiſes in a neigh- 
bouring nation, and one author in particu- 
lar conceives. he has made a very reaſonable 
poſtulate, in ſuppoſing the elaſticity of the 
air, when heated by the exploſion of the pow- 
der, to be only a hundred times greater, 


than when it is heated to the degree of boil- 


ing water, But, as I think, I have ſhewn 
the impoſſibility of accounting for the actual 
force of power on theſe principles; I will not 


detain the reader any longer with a particular 


(*) Vid, Prop. V. Cap. 1. of the following treatiſe. 
8 3 | re- 


PREFACE: „ 
recital of the ſpeculations of theſe different 
writers; eſpecially, as I flatter myſelf, that I 
have eſtabliſhed that theory of the force of 
powder, which is contained in the following 
ſheets, by ſuch decifive experiments, as will 
render a formal confutation of any other opi- 
nion unneceſſary. 
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CHAP. I. 
07 the force of Gunpowder. 


FF CR , 


OP OSI TI 
Gunpowder, fired either in a vacuum or in air, 
2 by its expl9 __ a Fun gs 
flurd. | 


e a red hot iron U included in a receiver, 
* and the receiver be exhauſted, and gun- 
X powder be then let fall on the ! iron, the 

7, N45 owder will take fire, and the mercurial 
gage will ſuddenly deſcend upon the ex- 

ploſion ; and, though it immediately aſcends again, 
yet it will never riſe to the height, it firſt ſtood at, 
but will continue depreſſed by a ſpace proportioned 
to the quantity of gunpowder, which was let fall on 
the iron, This is a well known experiment; and is 
circumſtantially deſcribed by Mr. Haukſbee, in the 
Philoſophical Tranſactions, No. 295; in which place 
he tells us, that he by this means (firing {mall 
quantities at a time) nee the gage from 292 
inches 
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inches to 123. Now this experiment, which has 
been often repeated, proves the propoſition with 
reꝛſpect to the production of a permanent elaſtic fluid 
im a vacuum; tor the deſcent of the gage could only 
be: effected by the preſſure of ſome new generated 
fiuud in the receiver, ballancing in part the preſſure 
of the external air. That this fluid, or ſome part 
of it at leaſt was permanent, appears from what 
Mr. Haukjbee relates in the ſame place; that though 
the quickſilver aſcended after the operation, get it 
next day had aſcended no higher than to 224. at 
which place it ſeemed to continue fixed. And, that 
this fluid is elaſtic, is proved from the deſcent of the 
mercurial gage; ſince the quantity of. matter con- 
tained in this fluid, could not by its gravity alone 
have ſunk the quickſilver by the leaſt ſenſible quan- 
fity ; alfo from its extending itſelf through any ſpace 


however great; the experiment ſucceeding in either 


a large or ſmall receiver, only the larger the re- 
ceiver the leſs will be the deſcent of the mercurial 
gage to the ſame quantity of powder; the preſſure 
of the generated fluid diminiſhing as its denſity 
diminiſhes. | | ” 

The ſame production likewiſe takes place, when 
gunpowder: 1s fired in the air“; for if a ſmall quan- 
tity of powder be placed in the upper part of a 
glaſs tube, and the lower part of. the tube be im- 


merged in water, and the water be made to riſe ſo 


near the top, that only a ſmall portion of air 1s left 


in that part, where the gunpowder is placed; if in 


this ſituation the communication of the upper part 
of the tube with the external air be cloſed, and the 
gunpowder be fired (which may eaſily be done by 
a burning-glaſs) the water will in this experiment 
deſcend on the exploſion, as the quickſilver did 
in the laſt, and will always continue depreſſed 
below the place, at which it ſtood before the ex- 

* Vid. Haukfbee Phyſ. Mechan, Exper. page 81. 

ploſion, 


Or: GUN NE RY. il. Gb 


ploſion; and the quantity of this depreſſion wilt be 
greater, if the quantity of powder. be increaſed, or 
the diameter of the tube be diminiſhed. From 
whence it is proved, that as well in air as in a 
vacuum, the exploſion of fired powder produces a 
permanent elaſtic fluie. | 


SCH O LEUM.. i: 


in many caſes abſorb a part of the air contiguous to 
them; in particular, it is obſerved, that all burning 
bodies and all ſulphureous fumes deſtroy great quan- 
tities of air, either by abſorbing it into their own 
ſubſtance, -or-at leaſt by depriving it of its elaſticity. 
This creation and conſumption of air in chymical 
proceſſes has been lately moſt diligently and ſucceſs- 
fully examined by the reverend Mr. Hales in his 

Vegetable Statics. - And on theſe principles it follows, 
that in the laſt experiment the ſulphureous fumes 
ariſing from the, burning of the charcoal and brim- 
ſtone contained in the powder muſt ſoon abſorb ſome 
of the air, in which the powder is fired; for which 
reaſon it is neceſſary, that the bulk of the air, which 
the powder is placed in, before it is fired, ſnould 
bear as ſmall a proportion as poſſible to the quantity 
of powder; ſo that the ſucceſs of the experiment 

may not be diſturbed by the abſorbed air, approach- 
ing to an equality with the generated fluid. 


There is beſides another reaſon, that, when powder 
is fited in the manner of the laſt experiment, the 
bulk of the air, in which it is placed, ſhould be as 
little as poſſible; which is, that the fire at the inſtant 
of the exploſion. will greatly augment the elaſticity 
, | | 
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of that air, and the preſſure ariſing from this in- 
ereaſed elaſticity, being added to the force of the 
generated W N 3 the , burſting of n 
_ 2 


i 


"PROP. . 


To explain more . particularly the. circumſlance 


Fur ng the explofion of gunpowder, either in 
à vacuum er in air, when fired in the manner 


deſcribed in the N ee of the laſt os 
Pofetion. 


W HEN any conſiderable: quttity of gun- 


powder is fired in an exhauſted receiver; by 

S448; fall on a red hot iron; the mercurial gape 
— deſcends upon the exploſion, and as ſud- 
denly aſcends again; and after a few vibrations, none 
of which except the firſt are of any great extent, it 
ſeemingly fixes at a place lower than where it ſtood 
before the exploſion; and this ſtationary point is, 
what we have always attended to in our experiments, 


But even, when the gage has acquired this point of 
apparent repoſe, it ftill continues rw for a conſi- 
derable time, although by ſuch imperceptible de- 


grees, that it can only be difcovere by comparing 
_—_— its place at diſtant intervals; however, it 
will not always continue to aſcend, but will riſe 
flower and flower, till at laſt it will be abſolutely 
fixed at a point lower, than where the mercury ſtood 
before the exploſion. 
The fame circumſtances nearly happen, when 
powder is fired in the upper part of an unexhauſted 


tube, whoſe lower part is immerged in water. 


Now theſe appearances all ariſe from the different 


modifications, which. the fluid, produced from the 
exploſion, undergoes. The firſt ſudden deſcent of 


the mercury is effected WA the action of that 2 
; while 


DGU NNE NT. 63 
While in the form of flame. When the flame is 
extinguiſhed, and conſequently the heat of the fluid 
is diminiſhed, its elaſticity is likewiſe diminiſhed 
and this being effected in a very ſhort time, occifions 
the ſudden, riſe of the mercury after the firſt deſcent. 
When the fluid is reduced to the temperature of- the 
containing receiver, its elaſticity is then more fixed 
and invariable z and this muſt uſually happen by 
the time the mercurial gage firſt appears to be ſta- 
tionary. The ſubſequent ſlow aſcent of the mercury 
is partly owing to the decreaſe of the heat of the 
receiver, occaſioned by the cooling of the hot iron 
contained in it; but much more to the action of the 
ſulphureous fumes of the brimſtone and charcoal, 


which abſorb a part of the generated fluid, and thereby 


diminiſh its preſſure on the gage. 
sc HOL IU A. 


In the following propoſitions we ſhall irrefragably 
demonſtrate, that the force of fired gunpowder is 
nothing more than the preſſure of the fluid, which 
is generated in the preceding experiments; and that 
this fluid in its action obſerves the ſame laws with 
other elaſtic fluids, particularly the air; ſo that what- 
ever power is produced by the firing of a given quan- 
tity of gunpowder, the ſame- would be exerted by 
ſubſtituting in its ſtead a quantity of air equal to the 
fluid generated in the exploſion, provided that air 
be included in the ſame ſpace, and be heated to the 
lame degree, as the other fluid is, at the inſtant of 
its firing. Mr. Hales has concluded, that the weight 
of the factitious elaſtic fluids produced from chymical 
proceſſes 1s the ſame with that of common air; he 
having tried that produced from tartar with great 
exactneſs. He has found too, that they expand with 
heat, and contract with cold, and that with the ſame 
preſſure they are condenſed in the ſame degree with 


common 
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common air. And that, when they are cleared of 


their ſulphureous fumes, which is done by making 
them pals: through water; they will then continue 
for many months, nay years, without loſing any 
conſiderable part of their elaſticity. And from theſe 
and other circumſtances he doubts not to aſſert, that 
theſe fluids are true permanent air. Now if this be 
ſuppoſed of all, or any of the elaſtic fhds produced 
by diſtillation, burning, &c. it muſt be preferably 
allowed to be true of that fluid, which is generated 
in the exploſion of gunpowder; ſince it is from falt- 
petre alone, that this fluid ſeems to be derived (for 
neither the brimſtone nor the charcoal yield it, when 
fired by themſelves) and ſaltpetre is known to be a 
ſubſtance imbibed from the air by earth; for the ſame 


parcel of earth by being properly expoſed to the air, 
will furniſh ſaltpetre over and over again for ever. 


However, though it be highly reaſonable to ſuppoſe, 
that the elaſtic fluid ariſing from the firing of powder, 


is genuine and permanent air; yet the truth or falſ- 


hood of this ſuppoſition no ways affects the certainty, 


of our concluſions. It is ſufficient for our purpoſe, 


that it is an elaſtic fluid; whether it be air or another 
compoſition, our reaſoning will be (till the ſame; ſince 
it is by experiments on this fluid itſelf, and not by 
obſcure ſpeculations on its nature and qualities, that 
our future deductions relating to its force and action 


I 


2 484 


S e AN Cohn ae... ans 


— 


— 


| of - . Or GUNNERY. 65 


ing 
Ron | PROP, 
a The elaſticity or preſſure of the fluid produced by 


the firing of gunpowder, is ceteris paribus 


be directly as its denſity. 

Iced 5 „ | 

ably HIS follows from hence, that, if in the ſame 
ated receiver a double quantity of powder be let 
ſalt- fall, the mercury will ſubſide twice as much as in 


the firing of a ſingle quantity. For the vapour pro- 
duced from the double quantity being contained in 
the ſame receiver will be of double the denſity of that 
produced from the ſingle quantity; whence the ela- 
ſticity or preſſure eſtimated by the deſcent of the 
mercury being likewiſe double, the preſſure is directly 
as its denſity. Alſo the deſcents of the mercury, 


der, when equal quantities of powder are fired in different 
fall- receivers, are reciprocally as the capacities of thoſe _ 
inty receivers; and conſequently as the denſity of the 
oſe. produced fluid in each. 


But as in the uſual method of trying this experi- 
ment, the quantities of powder are ſo very ſmall, 
that it is difficult to aſcertain theſe proportions to a 
requiſite degree of exactneſs, I took a large receiver 
containing about 3320 inches, and letting fall at once 
on the red hot iron, 1 dram or the t of an ounce 
avoirdupoiſe of powder (the receiver being firſt nearly 
exhauſted,) the mercury after the exploſion was ſub- 
ſided 2 inches exactly, and all the powder had taken 
| fire. Then heating the iron a ſecond time, and 
exhauſting it as before, 2 drams were let down at 
once, which ſunk the mercury 34 and a ſmall part 
of the powder had fallen beſide the iron, which (the 
bottom of the receiver being wet) did not fire, and 
the quantity, that thus eſcaped, did appear to be 
nearly ſufficient, had it fallen on the iron, to have 
P. 
SD You. þ E - Cale 


ſunk the mercury + part of an inch more; in which 
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caſe the two deſcents, viz. 2 inches and 4 inches, 
would have been accurately in the proportion of the 
reſpective quantities of powder; from which propor- 
tion, as it was, they very little varied. 

Hence then it appears, that the elaſticity of the 
vapour produced by gunpowder in its exploſion, is 
directly as its denſity. . 


PRO W. 
To determine the elaſticity, and quantity of this 
elaſtic fluid, produced from the exploſion of a 
given quantity of gunpowder. 
As different kinds of gunpowder produce dif- : 
"A ferent quantities of this fluid in proportion 
to their different degrees of goodneſs, before any 
definite determination of this kind can take place, it 
is neceſlary to aſcertain the particular ſpecies of pow- MW 


der that is propoſed to be uſed; and therefore I ſhall 


in every examination and poſition relating to this 
ſubject ſuppoſe the powder in queſtion to be of the 
ſame ſort, with what is made for the uſe of the 
government; that being by contract to conſiſt of 2 
known and invariable proportion of materials; and 
is therefore much properer for a ſtandard, than what i 
is compounded according to the arbitrary fancy oi 
the artiſt. . 2 „ 

This being ſettled, we muſt further premiſe theſe 
two principles, which we have already mentioned 
in the ſcholium to prop. II. the firſt, that the elaſti- 
city of this fluid increaſes by heat, and diminiſhes 
by cold, in the ſame manner as that of the air; the 
ſecond, that the denſity of this fluid, and conſequently 
its weight, is the ſame with the weight of an equal 
bulk of air, having the ſame elaſticity, and the ſame 
temperature. = 


Now 
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ches, Now from the experiment recited in the laſt pro” 
poſition, it appears that Ar of an ounce avoirdupoiſe- 
or about 27 grains troy, of powder, ſunk the gage 
on irs exploſion 2 inches; and the mercury in the 
barometer ftanding at near 30 inches, 7+ of an ounce 
| avoirdupoiſe, or 410 grains troy, would have filled 

the receiver with a fluid, whoſe elaſticity would 
have been equal to the whole preſſure of the atmo- 
ſphere, or the ſame with the elaſticity of the air 
we breathe; and the content of the receiver being 
about 520 cubic inches, it follows, that 4+ of an 
ounce of powder will produce 520 cubic. inches 
of a fluid, poſſeſſing the ſame degree of elaſti- 
city with common air; whence an ounce of pow- 
der will produce near 575 cubic inches of ſuch a 
fluid. W DS 
But in order to aſcertain the denſity of this fluid 


e dif. 
ortion | - 
e any 


ce, l we muſt conſider, what part of its elaſticity, at the 
POV. time of this determination, was owing to the heat it 
I ſhall received from the included hot iron and the warm 
0 this receiver. Now the general heat of the receiver 
of the being manifeſtly leſs than that of boiling-water, 
of the which is known to increaſe the elaſticity of the 
ſt of 2 air, ſomewhat more than + of its augmented quan- 
3 5 and tity; 1 collect from hence and other circumſtances, 
n what that the augmentation of elaſticity ariſing from this 


ncy of cauſe was about the ith of the whole; that is, if 
che fluid ariſing from the exploſion had been re- 


e theſe f 


i duced to the temperature of the external air, the 
ntioned eſcent of the mercurial gage, inſtead of 2 inches, 
 elaſli would have been only 1 + inch; whence 575, re- 
niniſhes BJ uced in the proportion of 5 to 4, becomes 460; 
ür; the end this laſt number repreſents the cubic inches of an 
quently laſtic fluid equal in denſity and elaſticity with com- 
n equal non air, which are produced from the exploſion 
he ſame pf 1 ounce avoirdupoiſe of gunpowder, the weight 


k which quantity of fluid, according to the uſual 
_ mation of the weight of air, is 131 grains; whenee 
Nov E a the 
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the weight of this fluid is 227 or gs nearly of the 
weight of the generating powder. 


It the ratio of the bulk of the gunpowder to the 


bulk of this fluid be wanted, this will be determined 
by knowing, that 1 ounce, 1 dram, or 17 drams 
avoirdupoiſe of powder, fill 2 cubic inches, if the 
powder be well ſhook together; wherefore augment- 
ing the number laſt found in the proportion-of 16 
to 17, the reſulting term 488 + is the number of 
cubic inches of an elaſtic fluid, equal in denſity with 
the air produced from 2 cubic inches of powder; 
whence the ratio of the reſpective bulks of the pow- 


der, and the fluid produced from it, is in round 


numbers, 1 to 244. 

And farther, to confirm this determination, I 
fired the quantity of a dram of powder four times 
fucceſſively, in an exhauſted receiver by a burning- 
glaſs; the capacity of this receiver was 470 cubic 
inches. Theſe experiments were more troubleſome 
than thoſe, in which it was fired by a hot iron, be- 
cauſe it was ſometimes long before it would fire; in 
which interval the air would often infinuate itſelf, 
and thereby difturb the meaſures of the deſcent; and 
beſides, near + part of the powder was uſually diſſi- 
pated unfired by the blaſt: however, by collecting 
the grains that were thus ſcattered, and weighing 
them, and increafing the deſcent by a proportional 
quantity, the ſubſiding of the mercury, correſpond- 
ing to one dram of powder, was the firſt time 
2, I + inches, the ſecond time x, 8 — inches, the 
third time 2, 1—, and the fourth time 1,85 
inches, or at a medium 1,96 inches; and this, 
diminiſhed in the ratio of 520 to 470, becomes 1, 
77 for the deſcent to a like quantity in the firſt 
receiver. Now the deduction to be made on ac- 
count of the heat of the receiver was but little in 
theſe experiments; for, by including a ſmall ther- 
mometer, I found that the fluid within the receiver 

Q | : | Was 
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was not hotter after the blaſt than that of the ſummer 


air; whence, if the deſcent 1,77 be reduced in the 


ratio of 13 to 12, which is nearly that of the ela- 
ſticity of hot ſummer air to temperate air, it becomes 
1,63 nearly, which differs little from 143, or 1,65 
which is, what we found-it to be in the preceding 
experiment: whence the proportion between the 
| reſpective bulks of the powder, and the fluid pro- 
duced from it, may be ſtill aſſumed to be that of x 
to 244. | . 

And this ratio agrees very well with the experi- 


ment recited by Mr. Hauk/bee in his .Phy/ico- Mecha- 


nic Experiments, p. 81; for he there found, that 
one grain of powder produced, when fired in the 
air, a cubic inch of elaſtic fluid, which, ſuppoſing 
the denſity of powder to be what we have here 
aſſigned, gives the ratio of their reſpective bulks 
to be that of 1 to 232; a difference, from what 


ve have aſſigned above, that may eaſily ariſe from 


the difference of the powder only. Whence we 
may conclude, that the preſence of a greater or leſs 
quantity of air does not affect the production of this 
fluid; ſince, by comparing Mr. Haukſbee's experi- 
ment with our own, it appears, that the ſame quan- 
tity of this fluid is generated in a vacuum as in the 
air. | | 
If this fluid, inſtead of expanding when the pow- 
der was fired, had been confined in the ſame ſpace, 
which the powder filled before the exploſion; then 


(its elaſticity having been ſhewn to be as its denſity) 


it would have had, in that confined ſtate, a degree 
of elaſticity 244 times greater than that of common 
air, and this independent of the great augmentation 
this elaſticity would receive from the action of the 

fire in that inſtant. > | 
Hence then we are certain, that any quantity of 
powder fired in any confined ſpace, which it ade- 
quately fills, exerts at the inſtant of its exploſion 
| E 3 againſt 
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againſt the ſides of the veſſel containing it, and the ; 


bodies it impels before it, a force at leaft 244 times 
greater than the elaſticity of common air, or, which 
is the ſame thing, than the preſſure of the atmo- 


ſphere; and this without conſidering the great addi- 


tion which this force will receive from the violent 
degree of heat, with which it is endued at that time; 
the quantity of which augmentation is the next head 


of our enquiry. 


PROP. v. 
To determine how much the elaſticity of the air is 


augmented, when heated to the extremeſi heat 
of red-bot iron. | 


6 h O fix this point, I took a piece of a muſket- 
barrel, about ſix inches in length, and or- 
dered one end to be cloſed up e e but the 
other end was drawn out conically, and finiſhed in 
an aperture of about + of an inch ia diameter, 
This tube, thus fitted, was heated to the extremity 
of a red heat in a ſmith's forge, and was then im- 
merged with its aperture downwards in a bucket 
of water, and kept there, rill it was cool; after 
which it was taken out carefully, and the water, 
which had entered it in cooling, was exactly weighed. 
The weight of the water thus taken in ar three 
different trials was 610 grains, 595 grains, and 600 
grains reſpectively. The content of the. whole 
cavity of the tube was 796 grains of water; whence 
the ſpaces remaining unfilled in theſe three expe- 
riments were equal. in bulk to': 186, 201, 196 
grains of water reſpectively; and theſe ſpaces did 
doubtleſs contain all the air, which, when the tube 
was red-hot, did extend through its whole concavity; 
conſequently the elaſticity of the air, when heated 
to the extreme heat of red-hot iron, was to the 

| | elaſticity 
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Gr GUNNERT 71 
elaſticity of the ſame air, when reduced to the tem- 
perature of the ambient atmoſphere, as the whole 
capacity of the tube to the reſpective ſpaces taken 5 
by the cooled air; that is, as 796 to 186, 201, 196, 
or taking the medium of theſe three trials, as 796 
to 1945- 1 

The heat given to the tube each time was the 
beginning of what workmen call a white heat; and 
to prevent the ruſhing in of the aqueous vapour at 
the immerſion, which will otherwiſe drive out great 
part of the air, and render the experiment fallacious; 
I had an iron wire filed tapering, ſo as to fit the 
aperture of the tube, and with this I always ſtopt it 


up, before it was taken from the fire, letting it 


remain in till the whole was cool, when removing 
it, the due quantity of water would enter. 


PR O P. VI. 


To determine how much that elaſticity of the fluid 


produced by the firing of gunpowder, which we 


have above aſſigned, is augmented by the beat, 


it has at the time of its exploſion. 


fected by heat and cold, and conſequently 

have their elaſticities equally augmented by the addi- 
tion of equal degrees of heat to each; if we ſuppoſe 
the heat, with which the flame of fired powder 1s 
endued, to be the ſame as that of the extreme heat 


of red-hot iron, then the elaſticity of the generated 


fluid will be greater at the time of exploſion, 
when it is in the form of flame, than afterwards, 
when it is reduced to the temperature of the am- 


bient air, in the ratio of 796 to 194 nearly; that 


is, in the ratio of the elaſticities of common air, 
under ſimilar circumſtances, aſcertained in the laſt 
_ Propoſition. 

| / E 4 Now 


\ S air and this fluid appear to be equally af- 


; 0 — 
MN s * 4 19 & wv be, * 8 & N * . wo ry 
3x pon Om = N 2 2 2 2 y : p — ge i r r — 2 wrt . , . of we - * - 
r r ̃ EE ̃/] ͤ . ᷑̃]¾“ . ̃—(. e . p,, ]ꝗ——éÜc?p ES CIS NW 2 — A Tg: — 2 1 DAT. — — = % — 8 — 


* . > 
or 
8 


Shs _ 3 9 A a I — — + 
=_ = R 1 yo! 4 
DR <A. — — 22 oy * "48 K 
r RA IF - . > 8 2 
— * w £59 = 
” 


2 


r 3 ,5506 


— 1 1 n RR. IL 
r R „ alt 
K — 


or, 


4 ** +4” a — 
RD — 
e 3 

— 


bd 

$ 

#4 

\ + 
4% 
: 


2 — 5 - — . — = 1 * 
* en eneratthnm——_ ore" x AIP 5 * > ho 


— —— eo i. ee 


52 NEW PRINCIPLES 
Now that the heat of powder, when fired in any 
conſiderable 1 is not leſs than that of red- hot 


iron, ſeems ſufficiently evident from the appearance 
of the flame, and the known properties of ſome of 
its materials; for the fire produced by the exploſion 
is certainly as active as any common fire; and it is 
well known, that all fires will communicate a red- 
hot heat to iron, provided the bulk of the iron be 
ſufficiently ſmall, when compared with the quantity 
of the fire. 5 : 

This being ſuppoſed then, that the flame of 
fired gunpowder is not leſs hot than; red hot iron, 
and the elaſticity of the air, and conſequently of 
the fluid generated by the exploſion, being aug- 
mented by the extremity of this heat in the ratio 
of 194 to 796, as has been ſhewn in the laſt pro- 
poſition; it follows, that if 244 be augmented in 
this ratio, the reſulting number, which is 999+, 
will determine how many times the elaſticity of the 
flame of fired powder exceeds the elaſticity of com- 
mon air, ſuppoſing it to be confined in the ſame 


| ſpace which the powder filled, before it was fired. 
For ſince we have ſhewn, in the third propoſition, 


that the elaſtic fluid produced from the firing a 


quantity of powder would, if confined in the ſame 


ſpace which. the powder took up before its explo- 
ſion, exert an elaſticity 244 times greater than the 
elaſticity of common air, ſuppoſing the temperature 
of that fluid and of the air to be the ſame; it 1s 
plain from hence, that, when 244 is increafed in 


the ratio, in which the elaſticity of this fluid is 
greater at the time of the exploſion than after- 


wards, the reſulting number will aſcertain, how 
many times the elaſticity of, this inflamed fluid, 
at the inſtant of its exploſion, and before it has 
dilated itſelf, exceeds the elaſticity of common 
air, | : | 


Hence 
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Hence then the abſolute quantity of the preſſure 
exerted by 8 at the moment of its ex- 
ploſion may be aſſigned; for, ſince the fluid, then 


generated, has an elaſticity 999 4, or in round num- 
bers, 1000 times greater than common air; and 


ſince common air by its elaſticity exerts a preſſure 


on any given ſurface equal to. the weight of the in- 
cumbent atmoſphere, with which it is in equi- 
librio, the preſſure exerted by fired powder, before 
it has dilated itſelf, is one thouſand times greater 
than the preſſure of the atmoſphere; and conſe- 
quently the quantity of this force on a ſurface of 


an inch ſquare, amounts to above 6 tun weight; 


which force however diminiſhes, as the fluid di- 


lates itſelf, according to what has been ſhewn in 


the third propſition, | 
5 SCHOLIUM. 
Though we have here ſuppoſed, that the heat of 


gunpowder, when fired in any conſiderable quan- 


tity, is the ſame with iron heated to the extremity 


of a red heat, or to the beginning of a white 


heat, (which determination we ſhall hereafter 


confirm by many experiments) yet it cannot be 


doubted, but that the fire produced in the explo- 


ſion is ſomewhat varied (like all other fires) by a 
greater or leſs quantity of fuel; and it may be 


preſumed, that, according to the quantity of pow- 


der fired together, the flame may have all the dif- 
ferent degrees from that of a languid red heat to 
the heat ſufficient for the vitrification of me- 


tals; but as the quantity of powder requiſite for 


the production of this laſt mentioned heat, is cer- 
tainly greater than what is ever fired together for 


any military purpoſe, we ſhall find, by our future 


experiments, that we ſhall not be far from our 


ſcope, if we ſuppoſe the heat of ſuch quantities 
a 1 | as 
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as come more frequently in uſe. to be, when fired, 
nearly the ſame with the ſtrongeſt heat of red-hor 
iron; allowing a gradual augmentation to this 
heat in larger quantities, and diminiſhing it when 
the quantities are very ſmall. 


PROP. VI. 


Given the dimenſions of any piece of artillery, 
| the denfity of its ball, and the quantity of 
zts charge, to determine the velocity which the 
- ball will acquire from the exploſion, ſuppoſing 
the elaſticity of the powder at the firſt inſtant 


of its firing to be given. 


N the ſolution of this problem, we ſhall aſſume 
the two following principles: | 


I. That the action of the powder on the bullet 
ceaſes, as ſoon as the bullet 1s got out of the piece. 


II. That all the powder of the charge is fired, 
and converted into an elaſtic fluid, before the bul- 
let is ſenſibly moved from its place. : 


Theſe poſtulates we ſhall demonſtrate in an an- 
nexed Scholium; and they being ſuppoſed, the pro- 
poſition itſelf is thus determined : = 
Let AB repreſent the axis of any piece of artil- 
lery, A the breech, and B the muzzle; DC the dia- 
meter of its bore, and DEGC a part of its cavity 
filled with powder. Suppoſe the ball, that is to be im- 
pelled, to lie with its hinder ſurface at the line GE, 
then the preſſure exerted at the exploſion, on the 
circle of which G E is the diameter, or, which is 
the ſame thing, the preſſure exerted in the direc- 
tion FB, on the ſurface of the ball, is eaſily known 


from 


Or GUNNERY. 55 


Tz from the known dimenſions of that circle ; draw 
: any line FH perpendicular to FB, and Al paral- 
; lel to F H, and through the point H, to the aſymp- 


| | totes IA and AB, deſcribe the hyperbola KHNQ ; 
then if FH repreſents the force impelling the ball 
at the point F, the force impelling the ball in 
any other place as M will be repreſented by the 
line MN, the ordinate to the hyperbola at that 
pointz for when the fluid impelling the body 
. along, has dilated itſelf to M, its denſity will be 
| then to its original denſity in the ſpace DE GC reci-. 
procally as the ſpaces, through which it is reſpective- 
ly extended; that is, as FA to MA, oras MN to 
FH ; but we have ſhewn in the ſecond propoſition, 
that the elaſticity or impelling force of this fluid 
is directly as its. denſity; therefore, if FH re- 
preſents that force at the point F, MN will repre- 
ſent the like force at the point M. 
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. Since the abſolute quantity * the force impell- 
ing the ball at the point F is known, and the 
1 | weight 
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weight of the ball is likewiſe known; the pro- 
portion between the force, the ball is impelled with, 
end its own gravity is known, In this proportion 
take F H to FL, and draw LP parallel to FB; 
then MN, the ordinate to the hyperbola in any 
point, will be to its part M R, cut off by the line 


LP, as the impelling force of the powder in that 


point M, to the gravity of the ball; and conſe- 
quently, the line L P will determine a line pro- 
portional to the uniform force of gravity in eve- 
ry point; whilſt the hyperbola. H NQ deter- 
mines in like manner ſuch ordinates, as are 
proportional to the impelling force of the pow- 
der in every point; whence, by the 39th propoſi- 
tion of lib. 1. of Sir J/acc Newton's Phil. Nat. 
Prin. Math. the areas FLPB and FH QB 
are in the duplicate proportion of the velocities, 
which the ball would acquire, when acted on by its 
own gravity through the ſpace, FB, and when im- 
pelled through the ſame ſpace by the force of the 
powder. But ſince the ratio of AF to A B, and the 
ratio of FH to FL are known, the ratio of the 
area FLP B to the area FHQB is known; 


and thence its ſubduplicate. And ſince the line 


FB is given in magnitude, the velocity, which a 
heavy body would acquire when impelled through 
this line by its own gravity, is known, being no 
other than the Velocity it would acquire by falling 
through a ſpace equal to that line; find then another 
velocity, to which this laſt mentioned velocity 
bears the given ratio of the ſubduplicate of the 
area FLPB to the area FH QB, and this ve- 
locity, thus found, is the velocity the ball. will ac- 
quire when impelled through the ſpace F B by the 
action of the inflamed powder. | 
Now to give an example of this, let us ſuppoſe 
AB, the length of the cylinder, to be 45 inches, its 
diameter DC, or rather the diameter of the ball, » 
e 


Or GUNNERY. oy 
be 3 of an inch; and A F, the extent of the pow- 
der, to be 24 inches; to determine the velocity 
which will be communicated to a leaden bullet b 
the exploſion, ſuppoſing the bullet laid at firſt with 
its ſurface contiguous to the powder. 

By the theory we have laid down in the laſt 
propoſition, it appears, that at the firſt inſtant of 
the exploſion the flame will exert, on the bullet ly- 
ing cloſe to it, a force 1000 times greater than the 
preſſure of the atmoſphere ; the medium preſſure 
of the atmoſphere is eſteemed equal to that of a 
column of water 33 feet high; whence lead be- 
ing to water as 11,345 to 1, this preſſure will be 
equal to that of a column of lead 34,9 inches in 
height; whence multiplying this by 1000, a column 
of lead 34900 inches high would produce a preſ- 
ſure equal to what is exerted on the ball by the pow- 
der in the firſt inſtant of the exploſion; and the leaden 
ball being ꝓ of an inch in diameter, and conſequently 
equal to a cylinder of lead on the fame baſe + an 
inch in height, the preſſure at firſt acting on it will 
be equal to 34990x2 or 69800 times its weight; 
whence FL to F H is as 1 to 69800 : And FB to FA 
is as 45— 24 (or 42 3.) to 2 4; that is, as 339 to 213 
whence the rectangle FLE B is to the rectangle 
AFHS, as 339 to 21 x 69800; that is, as 1 to 43 
24—, And from the known application of the lo- 
garithms to the menſuration of the hyperbolic ſpaces 
it follows, that the rectangle AFHS is to the area 
 FHQB as ,43429 Sc. is to the tabular loga- 
rithm of Ir; that is, of , which is 1, 2340579 
whence the ratio of the rectangle F LP B to the 
hyperbolic area FHQB is compounded of the 
ratios of 1 to 4324—, and of ,43429 Sc. to 
1,2340579 z Which together make up the ratio of 

1 to 12263, the ſubduplicate of which is the ratio 
of 1 to 110, 7; and in this ratio is the velocity, 
which the bullet would acquire by gravity, in fall- 
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ing through a ſpace equal to F B, to the velocity 
the bullet will acquire from the action of the pow- 
der, impelling it through FB; but the ſpace F B 
being 424 inches, the velocity a heavy body will 
acquire in falling through ſuch a ſpace is known 
to be, what would carry it nearly at the rate of 
15,07 feet in 1“ of time; whence the velocity, 
to which this has the ratio of 1 to 110,7, is a velocity, 
which would carry the ball at the rate of 15,07 * 
110,7 feet in 1“ of time; that is, at the rate of 
1668 feet in 1“ of time. And this is the velocity, 
which, according to the theory, the bullet in the 
preſent circumſtances would acquire from the action 


of the powder, during the time of its dilatation. 


And this being once computed for one caſe, is 
eaſily applied to any other; for, if the cavity D E 
G C left behind the bullet be only in part filled with 

owder, then the line H F, and conſequently the 
area FHQB will be diminiſhed in the propor- 
tion of the whole cavity to the part filled; if the 
diameter of the bore be varied, the lengths AB and 
AF remaining the ſame, then the quantity of pow- - 
der and the ſurface of the bullet, which it acts on, 
will be varied in the duplicate proportion of the 
diameter; but the weight of the bullet will vary in 
the triplicate proportion of the diameter ; wherefore 
the line FH, which is directly as the abſolute impell- 
ing force of the powder, and reciprocally as the gra- 


- vity of the bullet, will change in the reciprocal propor- 


tion of the diameter of the bullet. If AF the heigth of 
the cavity left behind the bullet be increaſed or dimi- 


niſned, the rectangle of the hyperbola, and conſe- 


quently the area correſponding to ordinates in any gi- 


ven ratio, will be increaſed or diminiſhed 1a the ſame 
proportion. From all which it follows, that the a- 


rea FHQB, which is in the duplicate proportion 


of the velocity of the impelled body, will be directly 


as the logarithm =, where AB repreſents the length 
| IE * 
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of the barrel, and AF the length of the cavity left 
behind the bullet) alſo directly as the part of that 
cavity filled with powder, and inverſely as the dia- 
meter of the bore, or rather of the bullet, likewiſe 
directly as AF the height of the cavity left behind 
the bullet. Conſequently the velocity being com- 
puted above, for a bullet of a determined diameter, 
placed in a piece of a given length, and impelled by 
a given quantity of powder, occupying a given 
cavity behind that bullet; it follows, that by means 
of theſe ratios the velocity of any other bullet may 
be thence deduced, the neceſſary circumſtances of its 
poſition, quantity of powder, Sc. being given. 
Where note, that in the inſtance of this propoſition 
we have ſuppoſed the diameter of the ball to be 2 of 
an inch : whence the diameter of the bore will be 
ſomething more, and the quantity of powder con- 

tained in the ſpace DE GC will amount to exact- 
ly 12dw, a ſmall wad of tow included. 


SCHOLIUM. 


In this propoſition we have taken for granted, 
1ſt, That the action of the powder on the bullet 
ceaſes, as ſoon as the bullet is got out of the piece. 
2dly, That all the powder of the charge is fired, 
before the bullet is ſenſibly moved from its place. 
Theſe aſſumptions we are now to demonſtrate. 
The firſt will, I preſume, appear manifeſt, when 
it is conſidered, how ſuddenly the flame will extend 
+ Itſelf on every ſide, by its own elaſticity, when it is 
once got out of the mouth of the piece; for by this 
means its force will then be diſſipated, and the bullet 
will be no longer ſenſibly affected by it. 
The ſecond principle is indeed leſs obvious, being 
contrary to the general opinion of almoſt all 
writers on this ſubject. But however it. is not leſs 
certain. It might perhaps be ſufficient for the 
| | FT proof 
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proof of this poſition, to . obſerve the prodigious 
compreſſion of the flame in the chamber of the 
piece, Thoſe who will attend to this circumſtance, and 
to the eaſy paſſage of the flame through the inter- 
vals of the grains, may ſoon ſatisfy themſelves, that no 
one grain contained in that chamber can continue 
for any time uninflamed, when thus ſurrounded and 
violently preſſed by ſo active a fire. However not 
to rely on mere ſpeculation in a June of ſo much 
conſequence, I conſidered, that, if part only of the 
owder is fired, and that ſucceſſively, then by lay- 
ing a greater weight before the charge (ſuppoſe 
2 or 3 bullets inſtead of one) a greater quantity of 
powder would neceſſarily be fired, ſince a heavier 
weight would be a longer time in paſſing through 
the barrel. Whence it ſhould follow, that two or 
three bullets would be impelled by a much greater 
force than one only. But the' contrary to this ap- 
pears by experiment; for firing one, two, and three 
bullets laid contiguous to each other with the ſame 
charge reſpectively, I have found (by a method 
to be mentioned hereafter) that their velocities were 
not much different from the reciprocal of the ſub- 
duplicate of their quantities of matter; that is, 
if a given charge would communicate to one bul- 
5 let a velocity of 1700 Feet in 1“, the ſame charge 
: would communicate to two bullets a velocity from 
1250 to 1300 feet in 1”, and to three bullets a 
velocity from 1050. to 1110 feet in one 1”. From 
hence it appears, that, whether the piece be loaded 
with a greater or leſs weight of bullet, the ac- 
tion of the powder is nearly the ſame; ſince all p 
mathematicians know, that if bodies containing dif- 


e, 


ferent quantities of matter are ſucceſſively impelled 8 
through the ſame ſpace by the ſame power, acting 5 
with a determined force at each point of that ſpace, f 
then the velocities given to thoſe different bodies 1 


will be reciprocally in the ſubduplicate ratio of 
2 . | a 
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their quantities of matter. The exceſs of the ve- 


locities of the two and three bullets above what 


they. ſhould have been by this rule, (which are that 


of 1200 and 980 feet in 1”) does doubtleſs ariſe 


from the flame, which eſcaping by the ſide of the 
firſt bullet acts on the ſurtace of the ſecond and 
third. | 5 7 

Now this exceſs has in many experiments 
been imperceptible, and the velocities have been 
reciprocally in the ſubduplicate ratios of the num- 
ber of bullets to ſufficient exactneſs; and where this 
error has been greater, it has never ariſen to an eighth 


part of the whole; but if the common opinion was 


true, that a ſmall part only of the powder fires at 


_ firſt, and other parts of it ſucceſſively, as the bullet 


paſſes through the barrel, and that a conſiderable 
part of it is often blown out of the piece without fic- 
ing at all; then the velocity, which three bullets re- 
ceived from the exploſion, ought to have been much 
greater, than we have ever found it to be; ſince the 
time of tlie paſſage of three bullets through the bar- 
rel being nearly double the time, in which one paſ- 
ſes, it ſhould happen, according to this vulgar ſup- 


poſition, that in a double time a much greater 


2 of the powder ſhould be fired, and con- 


ſequently a greater force ſhould have been produced, 
than what acted on the ſingle bullet only, contrary 


to all our experiments. . | 

But further, the truth of the ſecond poſtulate will 
be more fully evinced, when it ſhall appear, :s it 
will hereafter, that the rules founded on this ſup- 
poſition aſcertain the velocities of bullets impelled 
by powder, to the ſame exactneſs, when they are 
acted on through a barrel of 4 inches in length 
We as when they are diſcharged from one of four 
et. 

With reſpect to the grains of powder, which 
are often blown out unfired, and which are always 


Vor. I. Þ | _ urged 
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urged as a proof of the gradual firing of the charge 
I believe Diego Ufano, a perſon of great experi- 
ence in the art of Gunnery, has given the true rea- 
fon for this accident, which is, that ſome ſmall 
part of the charge is often not rammed up with the 
reſt, but is left in the piece before the wad, and is 
by this means expelled. by the blaſt of air before 
the fire can reach it“; I muſt add, that in the charging 
of cannon and ſmall arms, eſpecially after the firſt 
time, this is ſcarcely to be avoided by any method, 
J have yet ſeen practiſed. Perhaps too, there may 
be ſome few grains in the beſt powder of fo he- 
terogeneous a compoſition as to be lefs ſuſceptible 
of firing, which 1 think I have myſelf obſerved; 
theſe, though they are ſurrounded by the flame, may 
be driven out unfired. However, be that as it 
may, the truth of our poſition cannot in general 
be queſtioned. 1 | 
Having in this propoſition ſhewn how the velocity, 
which any bullet acquires from the force of pow- 
der, may be computed upon the principles of the 
theory laid down in the preceding propoſitions of 
this treatiſe; we will next ſhew, that the actual ve- 
locities, with which bullets of different magnitudes 
are impelled from different pieces. with different 
quantities of powder, are really the ſame. with the 
velocities aſſigned by theſe computations ; and con- 
ſequently, that this theory of the force of pow- 
der, here delivered, does unqueſtionably aſcertain 
the true action and modification of this enormous 
wer. N 8 
But in order to compare the velocities commu- 
nicated to bullets by the exploſion with the veloci- 
ties reſulting from the theory by computation ; it 
is neceſſary, that the actual velocities, with which 
bullets move, ſhouicl be capable of being diſco- 
vered, which yet is impoſſible to be done by any 
| 2 Dialog. 20. | | | 
methods 
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methods hitherto made publick The only means 
hitherto practiſed by others for that purpoſe have 
been either by obſerving the time of the flight of 
the ſhot through a given ſpace, or by meal ring 
the range of che ſhot at a given elevation z and 
thence computing on the parabolic hypotheſis, 
what velocity would produce this range. The 
firit method labours under this inſurmountable dif- 
ficulty, that the velocities of theſe bodies are often 
ſo ſwift, and conſequently the time, obſerved is ſo 
ſhort, chat an imperceptible error in that time 
may occaſion an error in the velocity, thus found, 
of 2, 3, 4, 5, or G00 feet in a ſecond. The other 
method is ſo fallacious, by reaſon of the reſiſtance 
of the air, (to which inequality the firſt is allo I- 
able} that the velocities thus aſſigned may not be 
perhaps the tenth part of the actual velocities 
ſoughr. : 

To remedy then theſe inconveniencies, J have 
invented a new method of finding the real veloci- 
ties of bullets of all kinds; and this to ſuch a de- 
gree of exactneſs, (which may be augmented too 
at pleaſure) that in a bullet moving with a velocity 
of 1700 feet in 10 the error in the eſtimation of 
it need never amount to its five hundredth part; 
and this without any extraordinary nicety in the 
conſtruction of the machine. The deſcription and 


uſe of which is * ſubject \þ the next POD 
ſition. 


PROP. vm. 


To determine the belbci ty, which any ball moves 


with at any diftance from the piece, it is * 
charged from. 


H E ſimpleſt method of effecting this is by 
| means 15 an inſtrument like to that exhibited 
in the engraved a where AB CD repreſents 

1 ® the 
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the body of the machine compoſed of the three 
poles B, C, D, ſpreading at bottom, and joining to- 
gether at the top A; being the ſame with what is 
vulgarly uſed in the weighing and lifting of very 
heavy bodies, and is called by workmen the tri- 


angles. On two of theſe poles, towards their tops, 
are ſcrewed on the ſockets RS; and on theſe 


ſockets the pendulum EFGHIK is hung by 


means of its croſs piece E F, which becomes its 
axis of ſuſpenſion, and on which it muſt be made 
to vibrate with great freedom. The body of this 
pendulum is made of iron, having a broad part 


at bottom, which cannot be ſeen in this ſcheme; 


but its entire ſhape is repreſented in the annexed 
figure A. | 


— 


The lower part of the pendulum is covered with 


a thick piece of wood G KI, which is faſten'd 


to the iron by ſcrews. Something lower than the 
bottom of the pendulum there is a brace O P, 
3 joining 
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joining the two poles to which the pendulum is 


ſuſpended ; and to this brace there is faſten'd a con- 
trivance MN U, made with two edges of ſteel, 
bearing on each other in the line UN, ſomething in 
the manner of a drawing-pen ; the ſtrength with 
which theſe edges preſs on each other being dimi- 
niſned or increaſed at pleaſure, by means of a 
ſcrew Z going through the upper piece. There is 


| faſten'd to the bottom of the pendulum a narrow 


ribbon LN, which paſſes between theſe ſteel edges, 
and which afterwards, by means of an opening 
cut in the lower piece of ſteel, hangs looſely down, 
as at W. | 5 
This inſtrument thus fitted, if the weight of 
the pendulum be known, and likewiſe the reſpec- 
tive diſtances of its centre of gravity, and of its 
centre of oſcillation, from its axis of ſuſpenſion, 


it will thence be known, what motion will be com- 


municated to this pendulum by the percuſſion of a 
body of a known weight moving with a known 
degree of celerity, and ſtriking it in a given 
point; that is, if the pendulum be ſuppoſed at 
reſt before the percuſſion, it will be known, what 


vibration it ought to make in conſequence of ſuch 


a determined blow; and, on the contrary, if the 
pendulum, being at reſt, is ſtruck by a body of a 
known weight, and the vibration, which the pen- 
dulum makes after the blow, is known, the velocity 
of the ſtriking body may trom thence be determined. 
Hence then, if a bullet of a known weight 
ſtrikes the pendulum, and the vibration, which the 
pendulum makes in conſequence of the ſtroke, be 
alcertained ; the velocity, with which the ball moved, 

is thence to be known. | 
Now the extent of the vibration, made by the 
pendulum after the blow, may be meaſured to great 
accuracy by the ribbon LN; for let the preſſure 
of the edges UN on the ribbon be fo regulated 
F 3 by 
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by the ſcrew Z, that the motion of the ribbon 


between them may be free and eaſy, though with ſome 
minute reſiſtance; then ſettling the pendulum ar 
reſt, let the part LN between the pendulum and 


the edges be drawn ſtrait, but not ſtrained, and fix 


a pin in that part of the ribbon, which is then con- 
tiguous to the edges: let now a ball impinge on 


the pendulum, then the pendulum ſwinging back 


will draw out the ribbon to the juſt extent of its 
vibration, which will conſequently be determined 
by the interval on the ribben between the edges 
VN and the place of the pin. : 

But the computation, by which the velocity of 
the ball is determined from the vibration of the 

ndulum after the ftroke, requires a more parti- 
cular explication; and for this purpoſe we will ex- 
hibit, as an example, the pendulum made uſe of 
by us in ſome of our experiments. 

The weight of the whole pendulum, wood and 


all, was 36 Ib. 3 0z. its centre of gravity was 52 


inches diſtant from its axis of ſuſpenſion, and 
200 of its ſmall ſwings were performed in the 
time of 253 ſeconds; . whence its centre of oſcil- 


lation (determined from hence) is 62 + inches diſ- 


tant from that axis. The centre of the piece of 
wocd GK 1H is diſtant from the ſame axis 66 
inches. | 


In the compound ratio of 66 to 62 2, and 66 to 


52, take the quantity of matter of the pendulum 
to a 4th quantity, which will be 421b. 4+ oz. Now 
geometers will know, that if the blow be ſtruck in 
the centre of the piece of wood G KI H, the pen- 
dulum will reſiſt to the ſtroke in the ſame manner, 
as if this laſt quantity of matter only (42 lb. + oz.) 
was concentrated in that point, and the reſt of the 
pendulum was taken away; whence, ſuppoſing the 
weight of the bullet impinging in that point to be 
the 1 of a pound, or the 45+ of this quantity of 

5 matter 
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matter nearly, the velocity of the point of oſcilla- 
tion after the ſtroke will, by the laws obſerved in 
the congreſs of ſuch bodies as rebound not from 
each other, be the +: of the velocity, the bullet 
moved with before the ſtroke; whence the veloci- 


ty of this point of oſcillation after the ſtroke be- 


ing aſcertained, that multiplied by 505 will give 


. the velocity with which the ball impinged, 


But the velocity of the point of oſcillation after 
the ſtroke is eatily deduced from the chord of the 
arch, through which it aſcends by the blow; for 
it is a well known propolition, that all pendulous 


bodies aſcend to the ſame height by their vibratory 
motion as they would do, it they were projected 


directly upwards from their loweſt point, with the 
ſame velocity they have in that point; wherefore, 
if the verſed fine of the aſcending arch be found, 
(which is eaſily determined from the chord and 

radius being given) this verſed fine is the per- 


pendicular height, to which a body projected up- 


wards with the velocity of the point of oſcillation 
would ariſe; and, conſequently, what that velocity 
is, can be eaſily computed by the common theory 
of falling bodies. 

For inſtance, the chord of the arch, deſcribed 
by the aſcent of the pendulum after the ſtroke 
meaſured on the ribbon, has been ſometimes 17 + 
inches; the diſtance of the ribbon from the axis 
of ſulpenſion is 7I + inches ; whence reducing 17 x 
in the ratio of 71 + to 66, the reſulting number, 


which is nearly 16 inches, will be the chord of the 


arch, through which the centre of the board GKIH 
aſcended alter the ſtroke: now the verſed: fine of 
an arch, whoſe chord is 16 inches, and its radius 
66, is 1,92939; and the velocity, which would 
carry a body to this height, or, which is the ſame 
thing, the (>: which a a would ac e. by 
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deſcending through this ſpace, is nearly that of 
beet in 1 | 

To determine then the velocity, with which the 
bullet impinged on the centre of the wood, when 
the chord of the arch deſcribed by the aſcent of 
the pendulum, in conſequence of the blow, was 
17 + inches meaſured on the ribbon, no more is 
neceſſary, than to multiply 3 + by 505, and the 
reſulting number 1641 will be the feet which the 
bullet would deſcribe in 1”, if it moved with the 
velocity it had at the moment of its percuſſion 
for the velocity of the point of 'the pendulum, on 
which the bullet ſtruck, we have juſt now deter- 
mined to be that of 3 + feet in 1“; and we have 
before ſhewn, that this is the 45+ of the velocity of 
the bullet. If then a bullet weighing ; of a pound 
ſtrikes the pendulum in the centre of the wood 
GKIH, and the ribbon be drawn out 17 + inches 
by the blow; the velocity of the bullet is that of 
1641 Feet in 1“. And ſince the length, the rib- 
bon is drawn, 1s always nearly the chord of the arch 
deſcribed by the aſcent, (it being placed ſo as to 
differ inſenſibly from thoſe chords which moſt fre- 
quently occur) and theſe chords are known to be in 
the proportion of the velocities of the pendulum 
acquired from the ftroke, it follows that the pro- 
portion between the lengths of ribbon drawn out 
at different times, will be the ſame with that of 
the velocities of the impinging bullets; and, con- 
{equently, by the proportion of theſe lengths of 
ribbon to 17 4, the proportion of the velocity with 
which the bullets impinge to the known velocity 
of 1641 Feet in 1“, will be determined. 

Hence then is ſhewn, in general, how the veloci- 
ties of builets of all kinds may be found out by 
-means of this inſtrument ; but that thoſe, who may 
be di:poſed to try theſe experiments, may not have 
unforeſeen difficulties to ſtruggle with, 1 ſhall here 

: {ubjoin 


Or GUNNERY. 39 


ſub oin a few obſervations, which it will be neceſſary 


for Tk to attend to, both to ſecure ſucceſs to their 


trials, and ſafety to their perſons. 


And firſt, that they may not conceive the -= 
of Wood GKIH to be an unneceſſary part o 

machine, I muſt inform them, that if a bullet im- 
pelled by a full charge of powder ſhould ſtrike 


directly on the iron, the bullet would be beaten 


into ſhivers by the ſtroke, and theſe ſhivers will 
rebound back with ſuch violence, as to bury them- 
ſelves in any wood they chance to light on, as I 
have found by hazardous experience; and beſides - 
the danger, the pendulum will not in this inſtance 
aſcertain the velocity of the bullet, becauſe the 


velocity, with which the parts of it rebound, is un- 
known. 


The weight of the pendulum, and the thickneſs 
of the wood, muſt be in ſome meaſure protege 


to the ſize of the bullets, which are uſed. A 


dulum of the weight here deſcribed will do — | 
well for all bullets under three or four ounces, if the 
thickneſs of the board be increaſed to 7 or 8 inches 
for the heavieſt bullets; beech is the tougheſt and 


| Ppropereſt wood for this purpoſe. 


It is hazardous ſtanding on the ſide of the 
dulum, unleſs the board be fo thick, that — 
greateſt part of the bullet's force is loſt before it 


comes at the iron; for if it ſtrikes the iron with 


violence, the ſhivers of lead, which cannot return 
back through the wood, will force themſelves out 


between the wood and iron, and will fly to a con- 


ſiderable diſtance. 

As there is no effectual way of faſtening the wood 
to the iron but by ſcrews, the heads of which muſt 
come through the board; the bullets will ſometimes 
light on thoſe ſcrews, from whence the ſhivers will 
diſperſe themſelves on every ſide, 
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When in theſe experiments ſo ſmall a quantity 


of powder is uſed, as will not give to the bullet a 


velocity of more than 4 or 500 feet in 17; the bullet 
will not ſtick in the wood, but will rebound from 


it entire, and (if the wood be of a very hard tex- 


ture) with a very conſiderable velocity. Indeed [ 
have never examined any of the bullets, which have 
thus rebounded ; but I have found them indented 
by the bodies, they have ſtruck againſt in their re- 
bound. „ 

To avoid then theſe dangers, to the braving of 
which in philoſophical reſearches no honour is an- 
nexed; it will be convenient to fix whatſoever barrel 
is uſed, on a ſtrong heavy carriage, and to fire it 


with a little ſlow match, Let the barrel too be very 


well fortified in all its length; for no barrel, (I ſpeak 

of muſket bartels) forged with the uſual dimenſions, 
will bear many of the experiments recited hereafter 
without burſting, as I have found to my coft. The 
barrel, I have moſt relied on, and which I procured 
to be made on purpoſe, is nearly as thick at the 
muzzel as at the breech; that is, it has in each 
place nearly the diameter of its bore in thickneſs of 


The powder uſed in theſe experiments ſhould be 
exactly weighed, and that no part of it be ſcattered 
in the barrel, the piece muſt be charged with a ladle 
in the {ame manner as is practiſed with cannon, the 
wad ſhould be of tow of the ſame weight each time, 
and no more than is juſt neceſſary to confine the 
powder in its proper place; the length of the cavity 
left behind the ball ſhould be determined each time 
with exactneſs; for the increaſing or diminiſhing 
that ſpace will vary the velocity of the ſhot, although 
the bullet and quantity of powder be not changed. 
The diſtance of the mouth of the piece from the 
pendulum ought to be ſuch, that the impulſe of the 
flame may not act on the pendulum; this will be 
prevented 
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prevented in a common barrel charged with + an 


ounce of powder, if it be at the diſtance of 16 or 18 


feet; in larger charges the impulſe is ſenſible farther 
off, I have found it to extend to above 25 feet; 
however, between 25 and 18 feet 1s the diſtance 
] have uſually choſen; other precautions, which are 
neceſſary, will better find their place in the account 
of the experiments I have. made, to which I now 
haſten. | | | 


PR OF. IR 
To compare the actual velocities with which bullets 
of different kinds are diſcharged from their 
reſpective pieces, with their velocities computed 
From the theory. 


II OW to determine the actual velocities with 
which bullets are diſcharged, has been amply 


 ſhewa in the laſt propoſition; and how to compute 
the velocity with which they would be diſcharged 
according to our theory, has been likewiſe fully 
explained in the fixth propoſition; we ſhall here 
then compare the reſult of our theory with expe- 


rience, and thence evince, how accurately that theory 


agrees with the real motions of bullets, though 


founded on. principles no ways connected with theſe 
experiments. 

The firſt experiments, I ſhall exhibit, were made 
with a barrel of the ſame dimenſions with the exam- 
ple of the ſixth propolition, the ball being + of an 
ich in diameter, the length 45 inches, and the 


cavity containing the powder 24 inches, which, as 


the barrel exceeded the bullet in diameter by about 
the th of an inch, juſt contained 12dw, of 

powder. | ns 
The bullet thus made uſe of was Y of a pound, 
avoirdupoiſe, in weight, and conſequently the ſame 
| | | with 
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with the example of the ſeventh propoſition ; but the 

board on the pendulum uſed here was 4lb. lighter | 
than what is aſſigned in that example; from theſe 
circumſtances, and the velocity which by the theory 
the builet ought to be diſcharged with, there is 
known the chord of the arch meaſured on the ribbon, 
through which the pendulum ſhould aſcend after the 
ſtroke, it the theory be true: how near this agrees 
with our * * appear by the * 


table: 
Quantity of | Chord of its aſcend- | The ſame | Error of the 
powder. | ing arch meaſured by the theory, 

No. on the ribbon, theory, 


Dw. 7 
IT "SC oo Soo 19,0 +» 3 
2 4 19, 6 19, 2,6 
00 13,41 —,2 


The next experiments were made with the ſame 
barrel, but the board on the pendulum was now of 
little more weight than that in the example of the 
ſeventh propoſition. 


Length of | Quan - Chord of its | The ſame | Error 
the cavity | tity of aſcending by the of the 
containing | powder | arch mea- theory, theory, 
the powder ſured on ; 

or line AF, the ribbon. 


Inch, 
11,9 
12. 
13, 2 
13,9 
10,7 
17,5 
10,9 
17, 0 
1157 
71 


16,7 
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The laſt five numbers reſulting from the theory 
are corrected from the quantity of bullets lodged in 
the board, which, as many other experiments of a 


different kind were tied in the interval, amounted at 


laſt to above two pounds; whence the weight of the 
pendulum being increaſed, its vibration with the 
ſame blow muſt be proportionably diminiſhed. | 

The next experiments were made with a barrel 
of the ſame bore with the laſt, but only 12 375 
inches in length: to diſtinguiſh them, we ſhall for 
the future denominate the firſt barrel by the letter A, 


and this ſhort one by C. The board on the pendu- 


lum was at firſt rather lighter than in the example 
of the ſeventh propoſition. | 


| Extent | Quan- | Chord of The ſame Error 
| of the tity of | the aſcend- by the | of the 
cavity powder. ing arch theory. theorys 
contain meaſured | 
ing the on the 
| powder, | ribbon, 
No. | Bar. Inch, | Dw. Inch, Inch, 
15+ CG qi j 267 12,8 [. 1 
16 © 12 12, 6 12,8 [. 2 
13 | 2 3 12 | 12, ũ 18 Las 
8; A 233 | 12 % a Los 
19 A 2 + 12 FF $9. 17,2 , 0 
201 A} + 12 | 17, 1 17.2 . 
22] A | 25 0 -} 1264 12,% | —,2 


In ſome of the following experiments a third barrel 
was uſed of the ſame bore with the other two, bur 24, 


312 inches in length: this barrel I denominate B; 


the board fixed on the pendulum was at firſt but little 
heavier than that in the ſeventh propoſition; and 
when in the courſe of the experiments it is ſenſibly 


increaſed in the weight, 1 diminiſh the numbers 
ariſing from the theory by a correſponding part. 


No. 
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ö Extent | Quan- | Chord of | The ſame J Error 

"1 of the tity of x the aſcend- | by the of the 

4 cavity powder. ing arch theory. theory. 

i contain- meaſured on : 

ing the 3 the ribbon, 

powder. ö | 
No. | Bal, | Inch, | Dw. Inch. Inch, Inch. 
2 12 17% J 1, +» 1 
24 A | 25 9 15,2 | 15,0 | —,3 
25] A| 25 9 | 1554 | 15,0 | —4 
26 CJ 24 12 1,8 12,8 | +1,3 
e 2+ 2 mes 12,8 [4,3 
Ci ab 6 8, 7 "fs +» 3 
294 C 27 12 | 12,3 I 2665.15 4542 
201 5B | 2+ | i2 | 4 0,0 
314 B 2412 [14.4 14 4 O, 
32 B 22 6 0% 3 10, 5 .. 2 
34 A | 4 12 | 1547 | 15:3 [, 4 


The error in the 26th and 27th experiments being 


much greater, than what has occurred to me in any 
other trials, 1 ſuſpect, that ſome miſtake was made 
in the weight of the powder, or that the barrel 
(which had indeed lain by in a moiſt place) was 
very damp; which circumſtance, I know by expe- 
rience, will conſiderably diminiſh the action of the 
powder. | 
The following experiments were made with a 
pendulum much heavier, it weighing in the whole 
971b. its center of gravity was 55,625 inches diſtant 
from its axis of ſuſpenſion, and 200 of its ſmall 
ſwings were performed in the ſpace of 255%, whence 
its center of oſcillation is 63,9 inches diſtant from the 
axis of ſuſpenſion. Alſo ſometimes another barrel 


was uſed 5,06 inches in length, and, 83 in diameter; 
its ball was exactly fitted to the bore without any 
windage, ſo that it went in with difficulty; the 
This barrel we 


No. 


weight of this ball was 334 dw. 
ſhall denominate D. | 
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The error in the goth experiment, the greateſt in 
this ſet, was doubtleſs owing to the wind; for the 49, 
which was made immediately before it in the ſame 
manner, and with the ſame quantity of powder, 
differs but little from the theory. The excels of the 

_ 38th experiment above the theory was in part occa- 
ſioned by the impulſe of the flame on the pendulum, 
which in this large quantity of powder was plainly to 
be diſcerned, 


This theory is farther confirmed too, by experi- 


ments made on the action of very ſmall quantities 


of powder. We have hitherto ſuppoſed the powder 


when fired to be equally hot with iron at the begin- 
ning of its white heat, but we have obſerved, that 
in very ſmall quantities of powder the heat is pro- 
bably leſs than this, and conſequently the elaſticity 
in thoſe caſes leſs than what ariſes from this ſup- 
poſition. Now this decreaſe of elaſticity in ſmall 
quantities of powder we have found by many trials 
actually to take place; for- inſtance, in the exam- 
ple of the 7th propoſition, the velocity, which 
ſhould be given to the ball by the action of. the 

wder according to the theory, is in round num- 
bers that of 1670 feet in 17“, and this velocity we 
have found in the preceding experiments to be the 
medium velocity, which the ball really receives in 
thoſe circumſtances. If now, the barrel and poſition 
of the ball remaining the ſame, there be placed in 
the ſame ſpace DEGC continuing likewiſe the ſame 


1dw. of powder inſtead of 12, which is the quantity 


ſuppoſed in that example; it follows from the prin- 


ciples there laid down, that it the elafticity of the 


ſmaller charge be the ſame in proportion to its 
quantity with that of the larger, then the velocity 


of the bullet when impelled by the exploſion of the 


ſmaller charge, will be to the velocity of a bullet 
impelled by the greater charge in the ſubduplicate 
ratio of the. quantities of the reſpective charges, 

that 


— 
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that is, in the ſubduplicate ratio of 1 to 12, 
conſequently the velocity communicated by 12 dw. 


being known to be that of 1670 feet in 1”, the 
velocity communicated by 1 dw. would be that of 
482 feet in 1” nearly; but I found by repeated 
trials, which differed very little from each other, 
that the real velocity acquired by the ball in this 
caſe, from the exploſion of 1 dw. was rather leſs 
than that of 400 feet in 1“; whence it is evident, that 
the elaſticity of 1 dw. of powder when fired is 


leſs in proportion to its quantity than that of 12 


dw. as it ought to be by our theory. 


Likewiſe if 3 dw. of powder be placed in the ſame 


manner with the 1 dw. in the laſt example, the real 
velocity, the ball will acquire from the exploſion, 
will be from 740 to 720 feet in 1”, as I have found 
by many experiments; whereas ſuppoſing the elaſ- 
ticity of 3 dw. when fired to be in ſimilar cir- 
cumſtances the ſame with that of 12 dw. the velo- 
7 acquired by the ball ſhould be 825 feet in 

whence, even in 3 dw. the elaſticity and conſe- 
os the heat is leis than in 12 dw. as it dul 
to be by the theory. | 

The ratios of theſe diminiſhed elaſticities to 
the elaſticity eſtabliſhed by us for larger quanti- 
ties, are the duplicate of the ratios of the reſpective 
velocities communicated by them in acting through 
the ſame ſpace, whence the elaſticity of 1 dw. is to 
the elaſticicy of 12 dw. in ſimilar cireumſtances 
as 2 to 3, and the elaſticity of 3 dw. to that of 
12 dw. is as 3 to 4 nearly, ſuppoſing the ſmaller 


| elaſticities to be uniformly diminiſhed in each part 
of their expanſion; ; but in all probability this is not 


the caſe, tor as the decreaſe of elalticity is owing 
to a deficiency in the heat of the fluid, it is moſt 
reaſonable to conceive, that in theſe ſmall quantities 
the heat is not only leſs at firſt, but is likewiſe per- 


| petually decreaſing, as the buller is impelled through 
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the barrel, and conſequently that the comparative 
elaſticity is more abated, the longer its action con- 
tinues; a circumſtance that does not take place, 


when the quantity of powder is well proportioned 


to the barrel, through which it is to act. 
SCH OLIVU M. 


Thus then have we confirmed our theory by the 
moſt indiſputable evidence, which is its coincidence 
with a numerous ſeries of egperiments made in all the 
various circumſtances, that the nature of the ſubject 
could ſuggeſt ; and I muſt add, that thefe experiments, 
or the greateſt part of them, were made and regiſter'd 
before any of the computations, by which they are 
compared with the theory, were formed; although I had 
aſcertained that theory, ſuch as it is here delivered, 
ſome time before I enter'd on theſe experiments. 

The variety of theſe experiments, and the ac- 
curacy with which they correſpond to the theory, 


leave us no room to doubt of the certainty of the 


theory ; for we have examined the action of fired 
powder on bullets of different weights, and}in barrels 
of different magnitudes, from 7 inches to 45 inches 
in length; we have varied too the quantity of pow- 
der from 6 dw. to 36 dw. and have incloſed theſe quan- 
tities differently, ſometimes in ſuch cavities as they 
exactly filled, at other times in ſuch as were ſufficient 
to have held much greater quantities; and we have 
found, that in all theſe different circumſtances, our 
theory has truly exhibited the real velocities, with 
which the bullets were impelled by the exploſion, or if 
(as in very ſmall quantities of powder) there were 
any exceptions from the general rule we had eſtabliſh 
ed, it was, what the theory did plainly demand; and 
furely that theory, which ſo accurately agrees with ex- 
periment in theſe diverſified trials, cannot but FR 
# . 3 [ 
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the true and genuine determination of the force 


and manner of acting of fired gunpowder. - 
This theory, as here eſtabliſhed, ſuppoſes, that in 
the firing of gunpowder about + of its ſubſtance is 


| converted by the ſudden inflammation into a perma- 
nent elaſtic fluid, whoſe elaſticity in proportion to its 


heat and denſity is the ſame with that of common air 
in the like circumſtances; it farther ſuppoſes, that 
all the force exerted by gunpowder in its moſt vio- 


lent operations is no more than the action of the 


elaſticity of the fluid thus generated; _ and theſe 
principles enable us, as we have ſeen, to determine 
the velocities , of bullets impelled from fire-arms 
of all kinds, and are fully ſufficient for all purpoſes, 
where the force of gunpowder is to be eftimated, 
Whether this fluid be true and genuine air, or an- 
other ſubſtance, we ſhall not diſcuſs in this place 
as It is an inquiry no ways connected with the de- 
fign of this treatiſe. 5 

From this theory many deductions may be 
made of the greateſt conſequence to the practical 
part of Gunnery. From hence the thickneſs of a 
piece, which will enable it to confine without burſ- 
ting any given charge of powder, is eaſily determin- 
ed, ſince the effort of the powder is known. From 


hence appears the inconcluſiveneſs of what, ſome mo- 


dern authors have advanced relating to the advanta- 
ges of particular forms for the chambers of mor- 
tars and cannon; for all their labour'd ſpeculations 
on this head are evidently founded on very erro- 
neous opinions about the action of fired powder. 
From this theory too we are taught the neceſſity 
of leaving the ſame ſpace behind the bullet, when 
we would by the ſame quantity of powder com- 
municate the ſame velocity to the bullet; ſince on 
our principles it follows, that the ſame powder has 
a greater or leſs degree of elaſticity, according to 
the different ſpaces it occupies. 'The method, 

| | 2 which 
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which I have always practiſed for this purpoſe, has 


been by marking the rammer; and this is a maxim, 
which ought not to be diſpenſed with, when cannon 
are fired at an elevation, particularly in thoſe 
called by the French Batteries d ricochet. 

From the continued action of the powder, and its 
manner of expanding defcribed in this theory, and 
the length and weight of the piece; one of the moſt 
eſſential circumſtances in the well directing of artillery 


may be eaſily aſcertained. All practitioners are agreed, 


that no ſhot can be depended on, unieſs the piece be 
placed on a folid platform; for if the platform 
ſhakes with the firſt impulſe of the powder, it is 
impoſſible, but the piece mult likewiſe ſhake, which 
will alter its direction and render its ſhot uncertain. 


To prevent this accident, the plattorm is uſually 
made extremely firm to a conſiderable depth back- 
wards; ſo that the piece is not only well ſupported 


in the beginning of its motion, but likewiſe through 
a great part of its recoil. However, it is ſutficient- 
ly obvious, that, when the bullet is ſeparated from 
the piece, it can be no longer affected by the trem- 
bling of the piece or platform; and by a very eaſy 
computation it will be found, that in a piece 10 
feet in length, carrying a bullet of 24 lb. and charged 
with 16 1b. of powder, the bullet will be out of the 
piece, before the piece has recoil'd + an inch; whence, 
if the platform be tufficiently ſolid at the beginning 
of the recoil, the remaining part of it may be much 
ſlighter ; ſince its unſteadineſs beyond the firſt + inch 
will have no influence on the direction of the ſhot. 
And hence a more compendious method of con- 
ſtructing platforms may be found out. 

From this theory it alſo appears, how greatly 
thoſe authors have been miſtaken, who have attribut- 
ed the force of gunpowder, or at leaſt a conſiderable 
part of it, to the action of the air, contained ei- 
ther in the . or between the intervals of the 
grains: 


| Or CGUNNEWE mm 
grains: for they have ſuppoſed (though indiſtinctly 
enough) that air to exiſt in its natural elaſtic ſtate, 
and to receive all its addition of force from the 
heat of the exploſion. But, from what we have 
experimented in the fifth propoſition, relating to the 
increaſe of the elaſticity of the air by hear, we 
may conclude, that the heat of the exploſion cannot 
augment the elaſticity of the air. to five times 
its common quantity; conſequently, the force 
ariſing from this cauſe only cannot amount to more 
than the 200th part of the real force exerted on this 
occaſion. . 
Having thus diſpatched the general confirmation 
of our theory; we ſhall proceed to the examination 
of fome other particulars relating to this ſubject, 
which though eaſily enough flowing from the prin- 
ciples already laid down, do yet from the novelty 
and ſingularity of the matter merit a circumſtantial 
diſcuſſion. 


PROP. X. 
To affign the changes in the force of powder, 


which ariſe from the different ſlate of the 
atmoſphere. „ 


N all the experiments I have hitherto examin- 
ed, I have never been able to diſcover, that the 
variation of the denſity of the atmoſphere did any 
way alter the action of powder, although 1 have made 
ſeveral hundred ſhot in very different ſeaſons: in 
particular, I have ſometimes compared the trials 
made at noon in the hotreſt ſummer ſun with thoſe 
made in the freſhneſs of the morning and evening, 
and I could not perceive any certain difference be- 
tween them, and it was the ſame with the trials 
made in the night and in winter; although in this 
variety of ſeaſons, the denſity of the atmoſphere 
| 4 | muſt 
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muſt have been very different : indeed, as we have 
ſeen, that the ſame quantity of that fluid, in which 
the force of powder conſiſts, is generated in a vacuum, 
and in common air, it is difficult to conceive, how 


this force can be affected by the greater or leſſer 


denſity of the atmoſphere. | 
But though the denſity of the atmoſphere has no 
influence on the force of powder, yet its moiſt - 


ure has a great one; fot᷑ the ſame quantity of pow- 


der, which in a dry ſeaſon would communicate to 


a bullet a velocity of 1700 feet in 1”, will not in 
_ damp weather communicate to the ſame bullet, 


placed in the ſame manner, a velocity of more 
perhaps than 12 or 1300 feet in 1“, or ſtill leſs, if 
the powder be of a bad ſort, and has been negli- 

ently kept. And this decreaſe of the force in 
* powder appears by my experiments to be 


very unſteady and variable, ſo that 2 ſhot made with 


equal quantities of ſuch powder, taken out of the 
ſame parce], will differ conſiderably from each other, 
perhaps ten times more than if the powder was 
in good order; and as far as this uncertainty in its 
effects will permit me, I ſcem to collect, that a ſmall 
charge loſes a greater part of its force than 2 
larger, provided each are equally damp. Another 
circumſtance attending damp powder 1s a remark- 
able foulneſs in the piece after firing, much be- 
yond what arifes from an equal quantity of dry 
powder. | | 
Now all theſe effects are eaſily to be accounted 


for, when it is known, that powder will imbibe moiſt. 


ure from the air; for as a certain quantity of 
water mixed with powder will prevent its firing 
at all, it follows, that every degree of moiſture in 
powder, though inſufficient to produce this effect, 


will yet abate the violence of its exploſion, and 


will render the fire thereby produced leſs vehement 
than it would otherwiſe be; whence a leſs quantity 
: | 0 
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of fluid will be in this caſe generated, and the heat 
of that fluid and its elaſticity is likewiſe leſs; conſe- 
quently, the action of damp powder muſt on this two- 
fold account be diminiſhed according to the degree 
of moiſture, with which it is impregnated. 

And as bad powder uſually contains ſome common 
ſalt in it, by reaſon of the little care taken in the re- 
fining of the nitre, and as common ſalt imbibes moiſt- 
ure in a ſtronger degree than nitre; it is not difficult 
to conceive, how bad powder ſhould in a moiſt ſea- 

ſon be more impregnated with moiſture than good, 
and ſhould conſequently loſe more of its force. 
The uncertainty in the effects of damp powder 
ariſes, I preſume, from the different degrees of 
dryneſs 1t acquires in the piece; for as after the 
firſt or ſecond firing the barrel grows warm, if the 
powder is contained any time in it, ſome part of 
its moiſture will be thereby evaporated; and as 
the heat of the barrel, and the time of the charge 
continuing in it, are circumſtances, which in their 
nature are very uncertain, it is not to be wonder'd at, | . 
that the evaporation, and conſequently the action of ö 
the powder, is likewiſe uncertain, I muſt remark on ö 
this head, that, in the drieſt ſeaſons, 1 have found the | 
coldneſs of the barrel, and perhaps ſome little moiſt- 
ure condenſed in its cavity, to have ſenſibly diminiſh- - 
ed the force of the powder in the firſt ſhot. — 

That ſmall quantities of powder ſhould have | 
their action more diminiſhed than larger quantities ; 

with the ſame degree of moiſture, naturally follows 4 
from the ſmaller degree of heat, with which (as { 
we have obſerved above) the exploſion of ſmall in 
charges is attended; ſince the ſame proportion of 
moiſture muſt of neceſſity clog a weak fire more 

_ effectually, than it can do one, which is more violent. 

The remarkable foulneſs of the piece from the 
firing of damp powder, which we have mentioned 
above, mult likewiſe ariſe from the diminution of 
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the activity of the fire in the exploſion. For, when 


powder is of a proper temperature to fire readily and 
violently, the greateſt part of its ſubſtance ought to 


be conſumed to aſhes,” which will then be diſcernible 


in the form of a greyiſh ſubſtance on ail bodies pla- 
ced near the mouth of the piece; and the foulneſs of 
the piece is owing to thoſe parts of the powder, which 
either by their contiguity to the cold barrel, or their 
leſs inflammable compoſition, are but imperfectly 
burnt ; now ſince moiſt powder produces a leſs vio- 
lent flame in proportion to the moiſture it im- 
bibed; it muſt follow, that a ſmaller part of the pow- 
der will in this caſe be perfectly conſumed, and con- 
ſequenily a greater part will remain to contribute 
to the foulneſs of the barrel. | 


SCH 04 E-M. 


We have aſſerted as the baſis of our reaſoning 
in this propoſition, that powder will imbibe moiſt- 
ure from the air in a humid ſtate of the atmoſphere 
but it remains to aflign the quantity, it can thus 
imbibe, which we ſhall here endeavour to do from 
our own experiments, 

A parcel of very good powder being placed 
on a white paper, which was pierced with a great 
number of fine holes, and the paper being held 
over the ſteam of hot water, I found, that in half 
a minute the powder was increaſed in weight by 
about 3 part. 


Trying another parce] in the ſame manner, but 


continuing it longer in the ſteam, 1 found, that the 


powder increaſed its weight by part; but in this 
caſe ſome of the grains adhered together in ſmall 


lumps, although the figure of the grains themſelves - 


was no ways changed. | 

Io convince myſelf that the moiſture of the 
atmoſphere would likew.ſe increaſe the weight of 
pewder, I took about an ounce of powder, which 


had 
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had for ſome time been kept in a room, which 
had a fire in it every day, and I found by drying 
it before the fire, that it loſt above ++ of its weight; 
one third of which decreaſe in weight it had again 
acquired in leſs than two hours, by being removed 


to a different part of the room, at a diſtance from 


the fire. | | 
Now as the weather is often much moiſter, than 


when I tried this experiment, and as in open air 


this moiſture abounds much more than in a room, 
where there is a fire; it cannot be doubted, but 
that ſometimes the twentieth or thirtieth part of 


the ſubſtance of the beſt powder is water, which 


may be eaſily ſuppoſed to produce all the effects, 
we have obſerved and deſcribed in this propoſi- 
tion. | 

But however, the moiſture thus imbibed by pow- 
der from the air does not, as I have yet obſerved, 
render it leſs active, when it is dried again. The 
reader muſt have obſerved in the experiments of 
the laſt propoſition, how nearly thoſe made with the 
ſame quantities of powder and in the ſame circum- 
ſtances agree with each other. In theſe experiments, 
though made at different times in the courſe of three 
ſummer months, the dryneſs of the ſeaſon prevented 
all the inequalities of this propoſition. But trying the 
ſame powder in the winter, in a very damp ſeaſon, I 
found, that though if it was uſed as in the ſummer, in 
its natural ſtate, without any drying, its effects were 
very irregular, and much ſhort of thoſe experi- 
ments; yet if each charge was well dried, juſt be- 


fore it was uſed, no diminution of its force could 


then be perceived, nor did it appear to act in any 
manner different from what, it had done in the pre- 
ceeding ſummer, Indeed if the powder be expoſ- 
ed to the greateit damps without any caution, or 


if common falt abounds in it; the moiſture, it im- 
bibes, may perhaps be ſufficient ro diſſolve ſome part of 


the 
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the nitre, Which 1 is a laſting damage, that no dry- 
ing can retrieve, But when tolerable care is taken 
in preſerving powder, and the nitre, it is compoſed 
of, has been well purged from common ſalt; it will 
retain its force much longer, than is uſually ſu 
poſed. I have heard, that powder, which had been 
well kept, did not at the end of fifty years appear 
to be any ways injured by its age. | 
Some care is neceſſary in the drying of damp 
powder; for there is a degree of heat, which though 
not ſufficient to fire the powder, will yet melt the 
brimſtone, and deſtroy the texture of the grains. Nay | 
more, there is a heat, with which the brimſtone 
will flame and burn away-gradually, and yet the 
powder will not explode; of this any one may 
fatisfy himſelf by heating a piece of iron red- -hor, 
and then throwing a few grains of powder on it 
at different intervals, during the time of its cool- 
ing, for by this means he will find, that at a certain 
time the ſeparate grains, that fall on the iron, will 
not explode, but will burn with a ſmall blue flame 
for ſome ſpace of time, the grain ſtill remaining un- 
conſumed. Indeed, when it has begun to burn in this 
manner, it ſometimes ends with exploding, but this 
more commonly happens, when a number of grains 
lie near together; for then, though each ſeparate flame 
1s. not ſufficient to explode its reſpective grain, yet 
the whole fire made by them all together grows 
ſtrong enough at laſt to end in a general exploſion; 
however, by attending to the proper temperature of 
the iron, and ſpreading the grains, I have often covered 
two or three ſquare inches with a blue lambent 
flame, which has laſted a conſiderable time with- 
out any exploſion, and examining the grains after- 
wards, I could not perceive, that they had loſt either 
their colour or their ſhape. Now fince theſe 
grains, when the brimſtone is thus burnt or even 
an out of them, will no longer act as powder; 
1 
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it is evident, that powder may be ſpoiled by being 


drid with too violent a heat. | 
From the great difference in the effects of moiſt 


and dry powder eſtabliſhed in this propoſition, it 


appears, how very uncertain and irregular all thoſe. 


practical operations of Gunnery may prove, where 
this circumſtance is not attended to; and how little 
confidence can be placed in any experiments, where 
this cauſe of inequality could interfere. 
Before I leave this article, I muſt mention a 
ſuſpicion, I once entertained about this matter. As 
water, when rarefied into vapour, is generally ſup- 
poſed to be near ten times more elaſtic than air 
equally heated, I imagined, that poſſibly the moiſt- 
ure imbibed by powder might, in certain caſes, be 
ſo proportioned to the quantity of powder, that it 
might be converted into vapour by the exploſion; 
and that thereby the force of the powder might be 
more increaſed by the addition of this very elaſtic 
vapour, than it was diminiſhed by the damping of 
its lame. And I was the more induced to believe, 
that this did ſometimes happen, from the expe- 


riments of a late author, who tells us, that the 


ranges of the ſame ſhot, fired from the ſame mor- 
tar, with equal charges of powder, were much 
greater in the freſhneſs of the morning, than in 
the heat of the day. For I was well ſatisfied, that 
the meer denſity of the air (to which he ſeems to 
impute this variety) could not produce ſuch different 


effects. However, upon a more accurate examina- 


tion, I cannot find, that any degree of moiſture 
does at any time augment the force of powder; for, 
in all the numerous trials I have made, I never 
obſerved that force ſenſibly to exceed its mean quan- 
tity, except in two experiments; and even thoſe 
exceſſes, I had good reaſon to believe, were occa- 
ſioned by ſome diſorder in the machine. However, 


if 
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if the elaſticity of watry vapour be as great, as it is 
_ uſually eſteemed, (a point far from being aſcertained 
at preſent) it is not impoſſible, but ſomething of this 
kind may take place in the firing of large quantities 


of powder. 


PR 0-4. ME: 


To mveſtigate the velocity which the flame of 
gunpowder acquires, by expanding itſelf, ſup- 
Poing it be fired in a given piece of artillery, 
without either a bullet or any other body be- 
fore it. 


F the whole ſubſtance of the powder was con- 
1 verted into an elaſtic fluid at the inſtant of the 
exploſion, then from the known elaſticity of this 
fluid aſſigned by our theory, and its known denſity, 
we could eaſily determine the velocity, with which 
it would begin to expand, and could thence trace 
out its future augmentations in its progreſs through 
the barrel; but as we have ſhewn, that the elaſtic 
fluid, in which the activity of the gunpowder con- 
ſiſts, is only e of the ſubſtance of the powder, the 
remaining e will in the exploſion be mixed with 
the elaſtic part, and will by its weight retard the 
activity of the exploſion; and yet they will not be 
ſo completely united as to move with one common 
motion, but the unelaſtic part will be leſs accele- 
rated than the reſt, and ſome of it will not even be 
carried out of the barrel, as appears by the conſider- 
able quantity of unctuous matter, which adheres 
to the inſide of all fire-arms, after they have been 
uſed. | 

Theſe inequalities in the expanſive motion of the 
flame oblige us to recur to experiments for its accu- 
rate determination. ct 


The 


n 
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The experiments made uſe of for this purpoſe 
were of two kinds: the firſt was made by charging 
the barrel A with 12 dw. of powder, and a ſmall 
wad of tow only; and then placing its mouth 19 
inches from the centre of the pendulum, mentioned 


in the ſeventh propoſition; on firing it in this ſitua- 


tion, the impulſe of the flame on the pendulum 
made it aſcend through an arch, whoſe chord was 
13,7 inches; whence, if the whole ſubſtance of the 


powder was ſuppoſed to ſtrike againſt the pendulum, 
and each part to ſtrike with the ſame velocity, that 


common velocity muſt have been at the rate of 
about 2650 feet in 17. This then is the leaſt velo- 


city, which the powder could be ſuppoſed to acquire 


in its expanſion; for if we ſuppoſe the elaſtic part 
to acquire a greater velocity in expanding, than the 
other [groſs vapour, (which it undoubtdly does) this 
common velocity here aſſigned muſt be augmented 
for the elaſtic fluid, and diminiſhed for the groſſer 
ſubſtance of the powder. As ſome part of the 
velocity of the flame was loſt in paſſing through 19 


inches of air; I made the remaining experiments on 
this ſubject in a manner not liable to that inconve- 


mence.. N eee 8 

I fixed the barrel A on the pendulum, fo that its 
axis might be both horizontal and alſo perpendi- 
cular to the plane HK; or, which is the ſame 


thing, that it might be in the plane of the pendu- 
lum's vibration; the height of the axis of the 


piece above the centre of the pendulum was ſix 
inches, and the weight of the piece and of the 
iron that faſtened it, Sc. was 11lb. 2. The bar- 
rel in this ſituation being charged with 12dw. of 
powder, without either bal] or wad, the powder 


only put together with the rammer, on the diſ- 


charge the pendulum aſcended through an arch, 
whole chord was 10 inches, or reduced to an-equi- 
valent blow in the centre of the pendulum, ſup- 


poſing 
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poling the barrel ey. it would be 14,4 inches 
nearly. 

The ſame experiment repeated again, the chord 
of the aſcending arch was 10,1 inches, which re- 
duced to the centre, is 14,6 inches. 

To determine what difference of velocity there 
was in the different parts of the vapour, 1 loaded 
the piece again with 12 dw. of powder, and rammed 
it down with a wad of tow weighing 1 dw. Now [ 
conceived, that. this wad being very light would 
preſently acquire that velocity, with which the elaſtic 

art of the fluid would expand itſelf when uncom- 
preſſed; and I accordingly found, that the chord of 
the aſcending arch was by this means augmented to 
12 inches, or at the centre to 17,3: whence, as the 
medium of the other two experiments is 14,5, the 
pendulum aſcended through an arch 2,8 inches 
longer, by the additional motion of 1 dw. of matter 
moving with the velocity of the ſwifteſt part of the 
vapour: and conſequently, the velocity, with which 
this 1 dw. of matter moved, was s that of about 7000 
feet i in 1“ 

It will perhaps be objected to this determination, 
that the augmentation of the arch, through which 
the pendulum vibrated in this caſe, was not all of it 
owing to the quantity of motion given to the wad, 
but part of it was produced by the confinement 
of the powder, and the greater quantity thereby fired. 
But if it were true, that a part only of the pow- 
der fired, when there was no wad, it would not 
happen, chat in firing different quantities of powder 
without a wad, the chord of the aſcending arch 
would increaſe and decreaſe nearly in the ratio of 
thoſe quantities, which yet I have found it to do; 
for with 9 dw. that chord was: 7,3 inches, which 
with 12 dw. we have ſeen was but 10, and 10, 1; 
and even with 3 dw. the chord was 2 inches; defi- 
cient 
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cient from this proportion by ,5 only; for which 


defect too, other valid reaſons are to be aſſigned. 


And there is ſtill a more convincing proof, that 
all the powder is fired, although no wad be placed 


before the charge; which is, that the part of the 
recoil arifing from the expanſion of the powder 
alone is found to be no greater, when it impels a 


leaden bullet befere-it, than when the ſame quan- 
tity is fired without any wad to confine it. We 
have ſeen, that the chord of the arch, through which 


the pendulum, roſe from the expanſive force of the 


powder alone, is 10, or 10,1; and the chord of 
that arch, when the piece was charged in the cuſ- 
tomary manner with a bullet and wad, I found to 
be the firſt time 224, and the ſecond time 227, 
or at a medium 22,56. Now the impulſe of the 


ball and wad, if they were ſuppoſed to ſtrike the 


pendulum in the ſame place, in which the barrel 
was ſuſpended, with the velocity they had acquired 


at the mouth of the piece, would drive it through 
an arch, whoſe chord would be about 12,3, as is 


known from the weight of the pendulum, the 
weight and poſition of the barrel, and the velo- 
city "of the bullet, determined by our former expe- 


riments; whence, ſubtrafting this number 12, 3 


from 22,50, the remainder 10,26, is nearly the 
chord of the arch, which the - pendulum would 
have aſcended through, from the expanſion of the 
powder alone, when "fired with a bullet before it; 
and this number 10, 26 differs very little from 10,1, 
which we have above found to be the chord of the 

aſcending arch, when the ſame quantity of powder 
expanded irſelf freely, without r bullet or wad 
before it. 


Again, that this velocity of 5000 feet in 17“ is not 


| much beyond what, the moſt active part of the flame 
acquires in expanding, is evinced from hence, that 


we have above, in the 38th experiment, an inſtance 
of 


112 NEW PRINCIPLES 


of a ball actually diſcharged with a velocity of 2400 
in 1“, and yet it appeared not, that the action of 
the powder on this bullet was at all diminiſhed on 
account of this immenſe celerity; conſequently, the 
degree of ſwiftneſs, with which in this inſtance the 
powder followed the ball, without loſing any part 
of its preſſure, muſt have been much ſhort of what, 
the powder alone would have expanded with, had 
not the ball been there. 

And it is this prodigious celerity of 0 
of the flame of fired powder, that is its peculiar 
excellence; and the circumſtance, in that it ſo emi- 
nently ſurpaſſes all other inventions, either ancient 
or modern, for the purpoſe of military projections: 
for as to the quantity of motion of theſe projectiles 
only, many o S + the warlike machines of the ancients 


produced this in a degree far ſurpaſſing that of our 
heavieſt cannon-ſhor or ſhells; but the great celerity 
given to theſe bodies cannot be in the leaſt ap- 
proached by any other means than by the flame of 
powder. The reaſon of this difference is, that the 


ancients could by weights, or the elaſticity of ſprings 
and ſtretched cords, augment their powers to any 
degree deſired; but then each addition of power 
brought with it a proportional addition of matter 
to be moved: fo that as the power increaſed, thoſe 
parts of the machine, which were to communicate 
motion to the projectile, and were conſequently to 
move with it, were likewiſe increaſed; and thence 
it neceſſarily happened, that the action of the power 
was not ſolely employed in giving motion to the 
impelled body, but much the greateſt part of it was 
ſpent in accelerating thoſe parts of the machine, in 
which the power reſided, to enable them to purlue 
the body to be projected with a perpetual impulſe, 
during its whole paſſage through the extent of 
their activity. Hence then it came to paſs, that, 
though theſe ancient machines could throw enormous 

* | weights, 
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weights, they could project them but with ſmall 
degrees of celerity, compared with what we can 
communicate to 'our cannon and muſket - ſhot : 
whence, in all operations, where theſe great velo- 
cities are uſeful, our machines are infinitely ſuperior 
to-thoſe of antiquity; although in more confined 
and ſhorter projections, theſe laſt have ſome advan- 
tages, Which may yet render them worthy of the 
attention of thoſe military genius's, who have capa - 
city enough to conſider each part of their profeſſion 
according to its true and genuine value, inde- 
pendent of the partial eſtimation of the rimes they 
live in. | | : | | 
From the determinations contained in this pro- 


poſition, the force of petards may be deduced, ſince 
their action ſolely depends on the impulſe of the 
flame: and it appears, that a quantity of powder, 


properly diſpoſed in ſuch a machine, may pro- 
duce as violent an effort as a bullet of twice its 


weight, moving with a velocity of 14 or 1500 feet 


a 


PROP. XI. 


To aſcertain the manner in which the flame of 
powder impels a ball, which is laid at a confi- 
derable diſtance from the charge. _ | 


by us above, laid the ball not immediately 
contiguous to the powder, but a ſmall diſtance from 


it; the greateſt interval, however, has not amounted | 
to more than about 14 inch, from the hinder part 


of the bullet to the neareſt part of the powder; 


and, in theſe caſes, we have ſeen, that the theory 


agreed very well with the experiments: but if a 
bullet be placed at a greater diſtance from the pow- 
You k H = der, 
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der, ſuppoſe at 12, 18, or 24 inches, we cannot 
then apply to the motion of this ball the ſame 
principles which, in the 7th propoſition, we have 
applied to ſuch as are contiguous to the powder, or 
nearly fo; for we have ſeen, in the laſt propoſition, 
that, when the ſurface of the fired powder is not 
confined by a heavy body, which it is obliged to 
impel before it, the flame dilates itſelf with a velo- 
city much beyond whar, it can at any time commu- 
nicate to a bullet by its continued preſſure; - con- 
ſequently, as in the diftance of 12, 18, or 24 inches, 
the powder will have acquired a conſiderable degree 

of this velocity of expanſion, the firſt motion of the 
ball will not be produced by the continued preſſure 
of the powder, but by the actual percuſſion of the 
flame; and it will therefore begin to move with a 
quantity of motion proportioned to the quantity 
of this flame, and the velocities of its reſpective 
arts. 5 3 

f From hence then it follows, that the velocity of 
a bullet, laid a conſiderable diſtance before the 
charge, ought to be greater, than what would be 
communicated to it by the preſſure of the powder 
acting in the manner defcribed in the 7th propoſi- 
tion; and this deduction: from our theory we have 
confirmed by manifold experience; by which we 
have found, that a ball laid in the barrel A, with 
its hinder part 114 inches from its breech, and 
impelled by 12dwt. of powder, has acquired on 
its diſcharge a velocity of about 1400 feet in 1”; 
when, if it had been acted on by the preſſure of the 
flame only, it would not have acquired a velocity 
of 1200 feet in 1“. The ſame we have found to 
hold true in all other greater diſtances, (and alſo in 
leſſer, though not to the fame degree) and in all 
quantities of powder. And we have likewiſe found, 
that theſe effects nearly correſpond with what was 
laid down in the laſt propoſition about the RP | 


I 
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of expanſion, and the elaſtic and unelaſtic parts of 


the flame. | 1-46 
And from hence too ariſes another conſideration 


of great conſequence in the practice of Gunnery; 
which is, that no bullet ſhould at any time be 


placed at any conſiderable diſtance before the 
charge, unleſs the piece be extremely fortified ; for 
a moderate charge of powder, when it . has ex- 
anded itſelf through the vacant ſpace, and reaches 
the ball, will, by the velocity each part has ac- 
quired, accumulate itſelf behind che ball; and will 
thereby be condenſed prodigiouſly ; whence, if the 
barre] be not of an extraordinary firmneſs in that 
part, it muſt by this reinforced elafticity of the 
powder, infallibly burſt. The truth of this rea- 
ſoning I have experienced in an exceeding good 
Tower-muſquet, forged of very tough iron; for 
charging it with 12dw. of powder, and placing 
the ball 16_ inches from the breech, on the firing it, 
the part of the barrel juſt behind the bullet was 
ſwelled out to double its diameter, like a blown 


bladder, and two large pieces, of two inches long, 


were burſt out of it. | 

Having ſeen that the entire motion of a bullet, 
laid at a conſiderable diſtance from the charge, is 
acquired by two different methods, in which the 


powder acts on it; the firſt being the percuſſion of 
the parts of the flame, with the velocity they had 


reſpectively acquired by expanding; the ſecond, the 
continued preſſure of the flame through the remain- 
ing part of the barrel; I endeavoured to ſeparate 
theſe different actions, and to retain that only, which 
aroſe,. from the continued preſſure of the flame. 


For this purpoſe, I no longer placed the powder 


at the breech, from whence it would have full ſcope 
for its expanſion, but J ſcattered it as uniformly, 


as I could, through the whole cavity left behind the 
bullet; imagining that, by this means, the progreſlive 
eg HKT velocity 
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velocity of the flame in each part would be pre- 


_ vented by the expanſion of the neighbouring parts: 


and 1 found, that the ball being laid 114 inches 
from the breech, its velotity, inſtead of 1400 feet 
in 1”, which it acquired in the laſt experiments, 


was now no more than 1100 feet in 17; which is 


100 feet ſhort of what, according to the theory, 
ſhould ariſe from the continued prefſure of the pow- 


der only. 


The 3 of this deficiency was, abc the 


inteſtine motion of the flame; for the accenſion 
of the powder, thus diſtributed through ſo much 


a larger ſpace than what it could fill, muſt have 
produced many reverberations and pulſations of the 
flame; and from theſe internal agitations of the 
fluid, its preſſure on the containing ſurſace will 


(as is the caſe in all other fluids) be conſiderably 
diminiſhed; and it has been in order to avoid this 


irregularity, that in all the experiments I have 
made, I have taken particular care to have the 


owder cloſely confined in as ſmall a ſpace as poſſi- 


le, even when the bullet lay at ſome little diſtance 


| from i it. 


P R O P. XIII. 


To enumerate the various kinds of powder, and 


to deſcribe the propereſt methods of examining 
its goodneſs. 


HE powder, we have hitherto conſidered, is 
ſuppoſed to be ſuch as is made for the ſervice 
of the government; but, beſides this, there are 
many other kinds, ſome better and ſome worſe, 


which I here propoſe to enumerate, as far as they 


have come to my knowledge. 


But, firſt, I muſt premiſe, that the government 
powder, if properly wrought, is, I believe, nearly 


a8 
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as good, as any powder made for general uſe. I 
have examined it with great care, and have com- 


pared it with other powders made here in England, 


which are eſteemed the beſt, ſuch as the Battle, Sc. 


and I cannot find any ſenſible difference between 
them. I have likewiſe compared it, in frequent 


trials, with ſome Spaniſh powder, taken out of the 
Si. Jago prize; and though, if 1 were to give my 
opinion, I ſhould rather believe the Spaniſb powder 
the better of the two, yet ſo ſmall an inequality 


as a fiftieth or ſixtieth part, which is the moſt, that 


the difference between them can amount to, is 
too little to be aſcertained with abſolute certainty. 
I conceive too, by comparing the experiments of 
others with 'my own, that the French powder 1s 
little different trom ours; although I cannot be ſo 
certain on this head, as I could with, having never 
been able to procure any of their powder myſelf. 


But it muſt be remembered, that when I ſpeak of 


our government powder, it muſt be, what is ſup- 


poſed to be made of the ſtandard proportion of 
materials, and properly wrought; for ſuch was the 


powder 1 made uſe of. / 
The ſtrongeſt powder, I have yet met with, is 
ſome which, 1 am told, was made in Helland; its 
force, compared with that of our government pow- 
der, is nearly as 5 to 4. But this powder is un- 
doubtedly made of the choiceſt picked materials, 
and is* probably wrought up with ſpirits; ſo that 


quantities of it could not be made, but at a much 


greater expence, than what would be repaid by its 
additional ſtrength. 5 | 
The next beſt powder, that has come to my 
hands, is a powder made in Portugal, under the 
direction of a Dutchman, who ſome years ſince 
eſtabliſhed. powder-mills near Liſbon. This is in 
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tioned; but is, however, nearer to that than to our 
government powder. 


1he common ſale powder here in Eg ſuch 


as is to be had at every grocer's, is much worſe 
than the government or the battle powder, and 


extremely various, according to the caprice of the 


maker. I have tried ſome, whoſe ſtrength has 
been in proportion to the government powder, as 
2 to 3 nearly, and other parcels have been till 
worſe; but the worſt of all is the powder made for 
the African trade, uſually ſtyled Guinea powder: 
but theſe weaker powders are not worth examina- 
tion, as there is no eſtabliſhed ſtandard for their 
compoſition. 

Now theſe differences in the ſtrength of powder 
may ariſe from three cauſes ; either from the qualit 
of the materials, from the proportion obſerved in 
their mixture, or from the manner of working them 
together. 

Powder, as is en known, is compoſed of 
ſaltpetre, ſulphur, and charcoal: Of theſe materials 


the ſulphur and charcoal are much the cheapeſt; and 


though there are peculiar kinds of theſe, which are 
fitteſt for this purpoſe, yet the expence of having 


the very beſt is ſo ſmall, when compared to the whole 
coſt of the powder, that it is ſtrange, if powder, 


which would be otherwiſe good, is ſpoiled by bad 
ſulphur or charcoal. 

The moſt expenſive part of the compoſition, Ny 
conſequently the part to which the defects of e 
der are oftner owing, is the faltpetre. This is 
ſubſtance imbibed by the earth from the air; for 


a quantity of earth, which has had its ſaltpetre 
waſhed out of it, will, when it has been expoſed 


to the air for ſome time, produce ſaltpetre again; 
and this as often as the os ane ſhall be re- 


| peared. 


Saltpetre 


25 


Cone 8 


„ 88 . Wy 


Or GUNNERY. 2 
Saltpetre i is of itſelf an uninflammable ſubſtance 


for if it be placed in the moſt violent fire, it only 


melts, and never flames, provided no combuſtible 
matter is permitted to mix with it: but though of it- 
ſelf, unmixed with other bodies, it will neither flame 
nor burn; yet, if it be joined with burning fab- 
ſtances, it prodigiouſly augments the violence of 
their burning; performing, in this caſe, what the 
air, forcibly mixed with fire by the blaſt of a pair 
of bellows, does in a much inferior degree. 


Powder then being a mixture of ſulphur and 
charcoal, which are very inflammable ſubſtances, 


with ſaltpetre, which in itſelf is not, if the ſalt- 


petre be too much in quantity, when compared with 
the other two, their burning may not be ſufficient 
to conſume the whole of the ſaltpetre; whence the 


fire may be leſs violent, and conſequently (accord- 


ns to what we have obſerved in the 1oth propo- 


ſition) the powder leſs vigorous, than if ſome of 
the faltpetre was taken away, and a like quantity 
of the other materials were added in its ſtead. On 


the other hand, if the ſaltpetre in the compoſition 
be leſs, than what the burning of the other two 


ſubſtances can eaſily conſume, the fire will be lefs 
active than it ought to be; becauſe it is not aug- 
mented ſo much as it would be, if a larger quan- 
tity of pere had been added to the compo- 
ſition. 

Hence then it e that the goodneſs of pow- 
der is not to be eſtimated only from the quantity 
of ſaltpetre contained in it, although that ſubſtance 
ſeems to be the baſis of the elaſtic fluid, in which 
its force conſiſts; for ſince the converting of the 
ſaltpetre into that fluid, and the elaſticity of the 
fluid afterwards, depend in ſome meaſure on the 


violence of the fire produced at the exploſion, it is 


plain, that there is à certain proportion in the mix- 


ture of the materials, which will beſt contribute to 
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this purpoſe, and conſequently to the perfection of 
the powder. _ | 


W hat this proportion is, has been aſcertained by 


experience; and it ſeems now to be generally agreed, 


that in any quantity of powder + of it ſhould be 
ſaltpetre, the remaining + conſiſting of equal quan- 
tities of ſulphur and charcoal. This is the propor- 
tion followed by the French, and, I believe, by moſt 


nations in Europe: we, indeed, pretend to a greater 


degree of nicety in our proportions; though, I am 


told, they do not greatly differ from what I have 


mentioned; nor am I convinced, that they are pre- 


ferable: this I am ſure of, that no methods of prov- 


ing powder, hitherto generally practiſed in England, 
could at all aſcertain the difference; and other pow- 
ders, made with the uſual proportions, are no whit 
inferior to ours. | 
But it is not the due proportion of the materials 
only, which is neceſſary to the making of good pow- 
der; another circumſtance, not leſs eſſential, is the 
mixing them well together; if this be not effectually 


done, ſome parts of the compoſition will have too 


much ſaltpetre in them, and others too little; and 
in either caſe there will be a loſs of ſtrength in the 


powder. 


As the excellency of powder then depends on ſo 
many particulars, in the quality and quantity of the 
materials, and in the working them together; it is, 
doubtleſs, of great importance, that thoſe who re- 
ceive the publick ſtores ſhould have it in their power 
to ſatisfy themſelves about the goodneſs of what is 
delivered to them. The method moſt commonly 


followed for this purpoſe, here with us, is (if I am 

Tightly informed) to fire a ſmall heap of it on a 
clean board, and to attend nicely to the flame and 
ſmoke it produces, as likewiſe to the marks it 


leaves behind it on the table; from all which 


inſtructive particulars the merit of the powder is 


aſcertained 


Or GUNNETRY. - wn 
aſcertained with great accuracy, as is pretended : 
but beſides this uncertain method, which, I pre- 
ſume, (how much ſoever it may be practiſed) none 
will ſeriouſly undertake to defend, there are, on 

articular occaſions, other contrivances made uſe 
of; all which bear ſome analogy to the common 
powder-triers, ſold at the ſhops; only they are more 
artfully fabricated, and inſtead of a ſpring they 
move a weight, which 1s a more certain and equable 
power. | 

But theſe machines, though more perfect than the 
common powder-triers, are yet liable to great irre- 
gularities; for as they are all moved by the inſtanta- 
neous ſtroke of the flame, and not by its continued 
preſſure, they do nor determine the force of the 
fired powder with that certainty and uniformity, 


which were to be deſired in theſe kinds of trials: 


and therefore, I cannot but think the method fol- 
lowed by. the French, in the receiving of powders 
from the makers, to be much better. "Their practice 
is thus. 5 | | 

They have, in each magazine, a {ſmall mortar 
caſt, with irs bed, according to a determined pat- 
tern, which is the ſame throughout the kingdom : 
this mortar is always pointed at 45?, and it contains 
juſt three ounces of powder; and it is a ſtanding 
maxim, .that no powder can be received into their 
ſtores, unleſs three ounces of it, placed in the 
chamber of this mortar, throws a ſolid ball of 72 
inches diameter to the diſtance of at leaſt 55 French 
fathom. = | | 
It has been objected to this method, that if each 
barrel of powder was to be proved in this manner, 
the trouble of charging the mortar, and bringing 


back the ball each time, would be intolerable, and 
the delay ſo great, that no buſineſs of this kind- 


could ever be finiſhed; and if a number of bar- 


rels are received on the merit of a few, it is great 


odds, 
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odds, but ſome bad ones will be amoneſt them, 
which may prove a great diſappointment in time of 
ſervice. Add to this another exception, - which 
to me has much more weight; and that is, the 
monſtrous diſproportion between the weight of the 


ball and the powder that projects it; ſo that the 


powder continues in action a longer time, and ex- 
pands through a much larger ſpace, in proportion 


to its quantities in theſe trials, than it ever does 
in any real ſervice; whence it happens, that the 


vapour cools, and great part of it eſcapes through 


the touch hole, or by the fide of the bullet; ſo that 


the quantity of motion produced by the exploſion i is, 
in this inſtance, but little more than half of what 
it ought to be, if the powder acted on the ball with 


its full force undiminiſhed by theſe accidents; con- 
ſequently, as this diminution of force may not be 
always conſtant, the action of the ſame powder, by 


the varying of theſe adventitious circumſtances, 
may, at different times, convey the ball to different 
diſtances. 

Now this laſt exception does no ways hold kiainſt 
the method by which I have tried the comparative 


ſtrength of different kinds of powder, which has 


been by the actual velocity given to a bullet, by 


ſuch a quantity of powder as is uſually eſteemed a 


proper charge for the piece: and as this velocity, 


however great, is eaſily diſcovered by the motion, 


which the pendulum acquires from the ſtroke of 
the bullet, (according to the principles laid down 
above) it might ſeem a good amendment to the 
method uſed by the French, to introduce this trial 
by the pendulum inſtead of it. But though I am 
ſatisfied, that this would be much more accurate, 
leſs laborious, and readier than the other, yet, as 
there is ſome little attention and caution required in 
this practice, which might render it of leſs diſpatch, 
chan might be convenient, when a great number - 
barrels 
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barrels were to be ſeparately tried, I ſhould myſelf 
chuſe to practiſe another method not lefs certain, 
but prodigiouſly more expeditious; ſo that I could 
engage, that the weighing out of a ſmall parcel of 
powder from each barrel ſhould be the greateſt 
art of the labour; and, doubtleſs, three or four 
hands could, by this means, examine 500 barrels 


in a morning; belides, the machines for this pur- 


poſe, as they might be made of caft iron, would 
be ſo very cheap, that they might be multiplied at 
pleaſure. However, I ſhall defer the deſcription 
of this method at preſent, and ſhall proceed to the 
conſideration of the reſiſtance of the air, a ſub- 
ject of the greateſt importance to the perfection of 


gunnery. | 
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CHAP. l. 
Of the reſiſtance of the air, and of the 
track deſcribed by the flight of ſhot 
and ſhells. es | 


SS R5EFORE I more minutely diſcuſs the 
Keep fubject of this chapter, it is neceſſary 
to premiſe, that the greateſt part of 
authors have eſtabliſhed it as a certain 
rule, that, whilſt the ſame body moves 
in the ſame medium, it is always reſiſted in the 
duplicate proportion of its velocity; that is, it the 
reliſted body move in one part of its track with 
three times the velocity, with which it moved in 
ſome other part, then its reſiſtance to the greater 
velocity will be nine times the reſiſtance to the 
leſſer. If the velocity in one place be four times 


the velocity in another, the reſiſtance to the greater 


velocity will be ſixteen times the reſiſtance to the 
leſſer, and ſo on. This rule, though exceſſively erro- 
neous, (as we ſhall hereafter ſhew) when taken in 
a general ſenſe, is yet undoubtedly very near the 
truth, when confined within certain limits; and 
therefore, in our future diſquiſitions, we ſhall ſup- 
Poſe, that in all ſmall changes of velocity in the reſitt- 


ing body it does accurately hold true; ſo that when 


we ſpeak hereafter of the reſiſtance of the medium 
being increaſed or diminiſhed by the varying of the 
velocity, we ſhall not hereby include that increaſe 
or diminution, which ought to take place according 
to this law, but ſhall thereby intend a reſiſtance, 

greater, 
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greater Or leſs, than what the moving body ought 


to undergo from the application of this principle; 
that is, we ſhall thereby underſtand an increaſe or 
diminution in the reſiſting power of the medium, 
ſimilar to what might be occaſioned by increaſing 
or diminiſhing its denſity : the principal purport 
of our preſent attempt being to evince, that, ac- 
cording to the different compreſſion of the medium, 
or the different degree of velocity in the moving 
body, ſuch changes may ariſe in the reſiſting power 
of the medium, as could ſcarcely be effected, ac- 
cording to the principles commonly received on this 
ſubject, by a treble augmentation of its denſity. 
This we doubt not irrefragably to confirm in the 


following diſſertation. 


PROPOSITION I 


To deſcribe the general principles of the re- 
| fiſtance of fluids. to ſolid bodies moving in 


them. 2 


N order to conceive the reſiſtance of fluids to 

a body moving in them, it is neceſſary to diſtin- 
guiſh between thoſe fluids, which being compreſſed 
by ſome incumbent weight, perpetually cloſe up 
the ſpace deſerted by the body in motion, without 
permitting for an inſtant any vacuity to remain be- 
hind it; and thoſe fluids in which (they being nor 
ſufficiently compreſſed) the ſpace left behind the 


moving body remains for ſome time empty. Theſe 


differences, in the reſiſting fluids, will occaſion 
very remarkable varieties in the laws of their re- 
ſiſtance, and are abſolutely neceſſary to be conſidered 
in the determination of the action of the air on 
ſhot and ſhells ; for the air partakes of both theſe 
affections, according to the different velocities of 
the projected body. | —— 1 


126 NEW PRINCIPLES 
If a fluid was fo conſtituted; that all the par- 
ticles compoſing it were at ſome diſtance from each 
other, and there was no action between them; then 
the reſiſtance of a body moving therein would be 
eaſily computed, from the quantity of motion com- 
mumieated to theſe particles: for inſtance, if a cy- 
nder moved in ſuch a fluid in the direction of 
its axis, it would communicate to the particles it 
met with a velocity equal to its own, and in its 
own direction, ſuppoſing that neither the cylinder, 
nor the parts of the fluid, were elaſtic z whence, 
if the velocity and diameter of the cylinder be 
known, and alſo the denſity of the fluid, there 
would thence be determined the quantity of mo- 
tion communicated to the fluid, which (action 
and re- action being equal) is the ſame with the 
quantity loſt by the cylinder, conſequently the 
reſiſtance would be hereby aſcertained, 
In this kind of diſcontinued fluid, the particles 
being detached from each other; every one of them 
can purſue its own motion in any direction, at leaſt 
for ſome time, independent of the neighbouring 
ones; wherefore, if, inſtead of a c linder moving 
in the direction of its axis, a phi an with a ſur- 
face oblique. to its direction, be ſuppoſed to move 
in ſuch a fluid, the motion the parts of the fluid 
will hereby acquire, will not be in the direction of 
the reſiſted body, but perpendicular to its oblique 
. ſurface; whence the reſiſtance to ſuch a body will 
not be eſtimated from the whole motion communi- 
cated to the particles of the fluid, but from that 
part of it only, which is in the direction of the re- 
fiſted body. In fluids then, where the parts are 
thus diſcontinued from each other, the different ob- 
liquities of that ſurface, which goes foremoſt, will oc- 
calion conſiderable changes 1 in the reſiſtance, alchough 
the ſection of the ſolid by a plain perpendicular to its 
n ſhould in all caſes be the fame. And Sir 
£ Iſaac 
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Jſaac Newton has particularly determined, that in 
a fluid thus conſtituted, the reſiſtance of a globe 
is but half the re fiance: of a cylinder of the ſame 


diameter, moving in the direction of its axis with 


the ſame velocity. 
But though the hypotheſis af a fluid, tos conſtl« 


tuted, be of great uſe in explaining the nature of 


refiftances yet, in reality, no ſuch fluid does exiſt 


within our knowledge: all the fluids, with which we 
are converſant, are fo formed, that their particles 


either lie contiguous to each other, or at leaſt act 


on each other in the ſame manner, as if they did; 
conſequently, in theſe fluids, no one particle, con- 
tiguous to the reſiſted body, can be moved, with- 
out moving at the ſame time a great number of 
others, ſome of which will be diſtant from it; and 


the motion thus communicated to a maſs of the 


fluid will not be in any one determined direction, 
but will in each: particle be different, according to 
the different manner in which it lies in contact with 


thoſe, from whence it receives its impulſe; whence, 


great numbers of the particles being diverted into 
oblique directions, the refiftance of the moving 
body, which will. de end on the quantity Of mo- 

tion communicated to the fluid in its own direc- 
tion, will be hereby different in quantity, from what 


it would be in the preceding ſuppoſition, and its 


eſtimation becomes much more en _ 
operoſe. | | 
It the fluid be compreſſed by the incuchben 

weight of its upper parts (as all fluids are Sith 
us, except at their very ſurface) and if the velo- 
city of the moving body be much leſs than that, 
with which the parts of the fluid would ruſh into 
a void ſpace, in conſequence of their compreſſion, 
it is evident, that in this caſe the ſpace left by the 
moving body will be inſtantaneouſly filled up by 
the W and the parts of the fluid againſt which 

the 
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the foremoſt part of the body preſſes in its mo- 
tion, will, inſtead of being impelled forwards in the 


direction of the body, circulate in ſome meaſure 
towards the hinder part of the body, thereby to 


reſtore the equilibrium, which the conſtant influx 
of the fluid behind the body would otherwiſe de- 
ſtroy ; whence the progreſſive motion of the fluid, 


and conſequently the reſiſtance of the body, which 
depends thereon, would be in this inſtance much 


leſs than in our firſt hypotheſis, where each par- 
ticle was ſuppoſed to acquire, from the ſtroke of 
the reſiſting body, a velocity equal to that, with 
which the body moved, and in the fame direc- 


tion. Sir Iſaac Newton has determined, that the re- 
ſiſtance to a cylinder moving in the direction of 
its axis, in ſuch a compreſſed fluid, as we have 


here treated of, is but one fourth part of the re- 
ſiſtance, which the ſame cylinder would undergo, 


if it moved with the ſame velocity in a fluid con- 


ſtituted in the manner, we have deſcribed in our 
firſt hypotheſis, each fluid being ſuppoſed to be 
of the ſame denſity. . | 
But again, it is not only in the quantity of their 
reſiſtance that theſe fluids differ, but likewiſe in 
the different manner, in which they a& on ſolids of 
different forms moving in them. | | 
We have ſhewn, that in the diſcontinued fluid, 
which we firſt deſcribed, the obliquity of the fore- 
moſt ſurface of the moving body would diminiſh 
the reſiſtance ; but in compreſſed fluids this holds 
not true, at leaſt not in any conſiderable degree ; 
for the principal reſiſtance in compreſſed fluids 
ariſes from the greater or leſſer facility, with which 


the fluid, impelled by the fore part of the body, 


can circulate towards its hindermoſt part; and this 


being little, if at all, affected by the form of the | 


moving body, whether it be cylindrical, conical, 
or ſpherical, it follows, that while the tranſverſe ſec- 
Y | N > © - on 
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tion of the body, and conſequently the quantity of 


impelled fluid be the ſame, the change of its figure 


will ſcarcely affect the quantity of its reſiſtance. 

And this caſe, that is, the reſiſtance of a com- 
preſied fluid to a ſolid, moving in it with a velo- 
city much leſs than what the parts of the fluid 
would acquire from their compreſſion; this caſe, 
I ſay, has been very fully conlidered by Sir Jſaac 
Newton, who has aſcertained the quantity of ſuch 
a reſiſtance according to the different magnirudes 
of the moving body, and the denſity of the fluid. 
But he very expreſsly informs us, that the rules he 
has laid down are not generally true, but upon a. 
ſuppoſition that the compreſſion of the fluid be 
increaſed in the greater velocities of the moving 
body: however ſome unſkilful writers who have 
followed him, overlooking this caution, have ap- 
plied his determinations, to bodies moving with 
all kinds of velocities, without attending to the 
different compreſſions of the fluids they were re- 


| filled by; and by this means they have accounted. 
the reſiſtance of the air to mufket and cannon-ſhot 
| to be but one third part, of what I have found it 


by experience. | 3 
Indeed, from all we have ſaid, it appears plain 


enough, that the reſiſting power of the medium 


muſt be increaſed, when the reſiſting body moves ſo 


| faſt, that the fluid cannot inſtantaneouſly preſs in 


behind it, and fill the deſerted ſpace ; for when 
this happens, the body will be deprived of the: 
preflure of the fluid behind it, which in ſome 
meaſure ballanced its reſiſtance, and muſt ſupport 
on its fore part the whole weight of a columa of. 
the fluid, independent of the motion it gives to 
the parts of the fluid; and beſides the motion in 


| the particles driven before the body is, in this cale, 


leſs affected by the compreſſion of the fluid, and 
deflected from the di- 
wer 
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rection, in which they are impelled by the reſiſted 
ſurface; whence this ſpecies of reſiſtance ap- 
proaches more and more to that deſcribed in our 
firſt hypotheſis, where each particle of the fluid 
being unconnected with the neighbouring ones, 
purſued its own motion, in its own direction, with- 
: out being interrupted or deflected by their conti- 
guity; and therefore, as we before obſerved, that 
the reſiſtance of a diſcontinued fluid to a cylin- 
der, moving in the direction of its axis, was four 
times greater than the reſiſtance of a fluid ſuffici- 
ently compreſſed of the fame denſity, it follows, 
that the reſiſtance of a fluid, when a vacuity is 
left behind the moving body, may be near four 
times greater than that of the ſame fluid, when 
no ſuch vacuity is formed; for when a void ſpace 
is thus left, we have ſhewn the reſiſtance to approach 
in its nature to that of a diſcontinued fluid. 
This then may probably be the caſe in a cy- 
linder moving in the fame compreſſed fluid, ac- 
cording, to the different degrees of its velocity ; fo 
that if it ſet out with a great velocity, and moves 
in the fluid till that velocity be much diminithed, 
the reſiſting power of the medium may be near 
four times greater in the beginning of its motion 
than in the end. In a globe the difference will not 
be ſo great, becauſe on account of its oblique ſur- 
face, its reſiſtance in a diſcontinued medium is but 
about twice as much as in one properly compreſſed; 
for its oblique ſurface diminiſhes its reſiſtance in 
one caſe and not in the other: however, as the 
compreſſion of the medium, even when a vacuity 
is left behind the moving body, may yet confine 
the oblique motion of the parts of the fluid, which 
are driven before the body, and as in an elaſtic 
fluid (as is our air) there will be ſome degree of 
condenſation in thoſe parts, it is highly probable, 
that the reſiſtance of a globe, moving in a com- 
SW preſſed 
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reſſed fluid with a very great velocity, will be 
se that of a globe and of a cylinder, in a diſcon- 
tinued medium; that is, (in proportion to its ve- 
locity) we may ſuppoſe it to be more than twice, 
and leſs than four times the reſiſtance of the ſame 
globe, moving ſlowly through the ſame medium; 
whence, perhaps, we ſhall not much err in ſuppoſing 
the globe in its ſwifteſt motions to be reſiſted near 
three times more, in proportion to its velocity, than 
when it is ſloweſt. 1 1211950 
And as this increaſe of the reſiſting power of 
the medium will take place, when the velocity of 
the moving body is ſo great, that a perfect vacuity 


is left behind it, ſo ſome degree of augmentation 
will be ſenſible in velocities much ſhort of this; for 


even when, by the compreſſion of the fluid, the 
ſpace left behind the body is inſtantaneouſly filled 
up, yet if the velocity, with which the parts of the 
fluid ruſh in behind, is not much greater than that, 
with which the body moves, the ſame reaſons we 
have urged above, in the caſe of an abſolute va- 
cuity, will hold in a leſs degree in this inſtance 
and therefore we are not to ſuppoſe, that the in- 
creaſed reſiſtance, which we have hitherto treated 
of, immediately vaniſhes, when the compreſſion of 
the fluid is juſt ſufficient to prevent a vacuum be- 
hind the reſiſted body; but we muſt conſider it as 


_ diminiſhing only, according as the velocity, with 


which the parts of the fluid follow the body, ex- 
ceeds that, with which the body moves. 

Hence then we conclude, that if a globe ſets 
out in a reſiſting medium, with a velocity much 
exceeding that with which the particles of the me- 
dium would ruſh into a void ſpace, in conſequence 
of their compreſſion, ſo that a vacuum is neceſſa- 


rily left behind the globe in its motion, the re- 


ſiſtance of this medium to the globe will be near 
three times greater, in proportion to its velocity, 
| E 4 chan 
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than what we are ſure, from Sir Jaac Newton, 
would take place in a flower motion. We may 
farther conclude, that the reſiſting power of the 
medium will gradually diminiſh, as the velocity 
of the globe decreaſes, till at laſt, when it moves 
with velocities, which bear but a ſmall proportion 


to that, with which the particles of the medium fol- 


low it, the reſiſtance becomes the ſame with what 
is aſſigned by Sir J/aac Newton in the caſe of a 
compreſſed fluid. 


And from this determination we may learn, how 


falſe that poſition is, which aſſerts the reſiſtance 


of any medium to be in the duplicate proportion 


of the velocity of the reſiſted body; for it plainly 
appears. by what we have ſaid, that this can only 


be conſidered as nearly true in ſmall variations of 
velocity, and can never be applied in the compa- 
ring together the reſiſtances to all velocities what- 
ever without the moſt enormous errors. 

Theſe principles being laid down, we ſhall next 


proceed to an experimental examination of the re- 


ſiſtance of the air in particular, both in order thence 
to evince how nearly theſe ſpeculations agree to 
the real obſerved action of fluids, and likewiſe to 
ſhew, how egregiouſly all thoſe theoriſts have been 
miſtaken, who have conceived, that the reſiſtance 
of the air to ſhells and ſhot of all 1. was 
ſcarcely e of attention. 


PR OP. II. 


To determi ne the refiftance of the air 70 Me- 


Jectiles by experiments. 


Y means of the machine deſcribed in the 8th 
propolition, I have it in my power to deter- 
mine the velocity, with which a ball moves in any 
part of its track, Cllr e I can direct the piece 
llet to impinge on the pendu- 
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jum placed in that part; and therefore charging a 
muſket-barrel three times ſucceſſively with a leaden 
ball of 3 of an inch diameter, and about half its 
weight of powder, and taking ſuch precaution in 
the weighing of the powder, and placing it, that 
I was aſſured, by many previous trials, that the 
velocity of the ball could not differ by 20 feet in 
1” from its medium quantity, I fired it againſt the 
pendulum placed at 25 feet, at 75 feet, and at 125 
feet diſtance from the mouth af the piece .reſpec- 
tively; and I found that it impinged againſt the 
pendulum in the firſt caſe with a velacity of 1670 
feet in 1”, in the ſecond caſe with a velocity of 
1550 feet in 1”, and in the third caſe with a ve- 
locity of 1425 feet in 1“; ſo that in paſſing through 


5o feet of air, the bullet loſt a velocity of about 


120 or 125 feet in 1“; and the time of its paſſing 
through that ſpace being about 4 or Y of 1”, the 
medium quantity of reſiſtance muſt, in theſe in- 
ſtances, have been about 120 times the weight of 
the ball, which (as the ball was nearly z of a 
pound) amounts to about 10 Ib. avoirdupoiſe. 

Now if a computation be made according to 


the method laid down for compreſſed fluids in the 


38th propoſition, lib. 2 of Sir 1ſeac Newton's 


Principia, ſuppoſing the weight of water to be to 


the weight of air, as $50 to 1, it will be found, 
that the reſiſtance to a globe of + of an inch dia- 
meter, moving with a velocity of about 1600 feet 
in 1”, will not, on thoſe principles, amount to any 


more than a force of 4 * lb. avoirdupoiſe; whence, 


as we know, that the rules contained in that pro- 


poſition are very accurate in flow motions, we may 
hence conclude, that the reſiſting power of the air 
in ſlow motions is leſs than in ſwift motions in the 
ratio of 4 + to 10, a proportion between that of 
to 2 and 1 to 3. | | 
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Again, I charged the ſame piece, a number of 


times, with equal quantities of powder, and balls 


of the ſame weight, taking all poſſible care to 
give to every ſhot an equal velocity ; and firing 
three times againſt the pendulum, placed 25 feet 


only Giſtant from the mouth of the piece, the 


medium of. the velocities with which the ball im- 
pinged, was nearly that of 1690 feet in 2”: then 
removing the piece 175 feet from the pendulum, 
I found, taking the medium of five ſhots, that the 
velocity, with which the ball impinged at this dil- 
tance, was that of 1300 feet in 1” ; whence the 


ball, in paſſing through 150 feet of air, loſt a 


velocity of about 390 feet in 1“; and the reſiſt. 
ance computed from theſe numbers comes out 
ſomething more than in the preceding inſtance, it 
amounting here to between 11 and 12 pounds, 
avoirdupoiſe; whence, according to theſe expe- 
riments, the reſiſting power of the air to ſwift mo- 
tions is greater than in ſlow ones in a ratio, which 


approaches nearer to the ratio of 3 to 1, than in 
the preceding experiments. 


Having thus aſcertained the reſiſtance to a ve- 


locity of near 1700 feet in 1”, which muſt be al. 
lowed to be more than ſufficient for leaving a 
vacuum behind the ball, I next examined the re- 


ſiſtance to ſmaller velocities ; and for this purpoſe 


J charged the ſame barrel with balls of the ſame 
diameter, but with leſs powder; and placing the 
pendulum at 25 feet diſtance from the piece, ! 
fired againſt it five times with an equal charge 
each time ; the medium velocity, with which the 
ball impinged, was that of 1180 feet in 1”; then 
removing the pendulum to the diſtance of 250 
feet, the medium velocity of five ſhots made at 
this diſtance was that of 950 feet in 1“; whence 
the ball, in paſſing through 225 feet of air, loſt 


2 velocity of 230 feet in 1“; and as it paſſed 


through 


Or GUNNERY. 133 


through that interval in about A of 1”, the reſiſt- 


ance to the middle velocity will come out to be 


near 33+ times the gravity of the ball, or 2 lb. 


10 Oz. avoirdupoiſe. Now the reſiſtance to the 


ſame velocity, according to the laws obſerved in 
ſlower motions, amounts to r of the ſame quan- 
tity; whence, in a velocity of 1065 feet in 1”, 


the reſiſting power of the air is augmented in no 


greater a proportion than that of 7 to 11; whereas 
we have ſeen in the former experiments, that - to 
ſtill greater degrees of velocity, the augmentation 
approached very near to the ratio of 1 to 3. 

But farther I fired three ſhot, of the ſame ſize 
and weight with thoſe already mentioned, over a 


large piece of water; ſo that their dropping into 


the water being very diſcernible, both the diſtance 
and time of their flight might be accurately aſ- 
certained; each ſhot was diſcharged with a velo- 
city of 400 feet in 1“; and I had ſatisfied myſelf, 
by many previous trials of the ſame charge with 


the pendulum, that I could rely on this velocity 


to 10 feet in 1“. The firſt ſhor flew 313 yards 


14 


in 42, the ſecond flew 319 yards in 4”, and the 


H 1 


third 373 yards in 32. According to the theory 
of reſiſtance eſtabliſhed for ſlow motions, - the firſt 
ſhot ought to have ſpent no more than 3“ 2, in its 
flight, the ſecond 3“, 28, and the third 4” ; whence 
it is evident, that every ſhot was retarded conſide- 
rably more than it ought to have been, had that 
theory taken place in its motion; conſequently, 
the reſiſting power of the air is very ſenſibly in- 
creaſed, even in ſo ſmall a velocity as that of 400 
ſert i;; 8 : 

From all that we have related then, it appears, 
that the theory of the reſiſtance of the air, eſta- 
bliſhed in flow motions by Sir Jaac Newton, and 
confirmed by many experiments, is altogether er- 


roneous, when applied to the ſwifter motions of 
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muſket or cannon-ſhot ; for that, in theſe caſes, 


the reſiſting power of the medium is augmented 


to near three times the quantity aſſigned by that 


theory; that, however, this increaſed power of 


reliance diminithes as the velocity of the reſiſſed 
body diminiſhes, till at length, when the motion 


is ſufficiently abated, the actual reſiſtance coincides. 


with that: (uppoſed in the theory; that therefore 


the reſiſtance is not in the duplicate proportion of 
the velocity of the moving body, as is uſually aſ- 


ſerted, but varies from that proportion according 


to the different compreſſion of the fluid compared 


with the velocity; conſequently, from the conſi- 


deration of theſe particulars, we may venture to 


aſſert, chat whilſt the reſiſtance of the air was 


thus imperfectly and faultily conceived, the track 


of muſker and cannon ſhot through that medium 


could not be aſcertained with the leaſt degree of 


certainty z; and therefore the art of gunnery could 
not but continue extremely imperfect : however, it 
s not ſufficient to have ſhewn the reſiſtance to be 
augmented in great velocities, beyond what has 


been uſually ſuppoſed; but, that we may be enabled 


more definitely to compute the motion of projec- 
tiles, it is neceſſary that we ſhould afſign the rate 
of this augmentation according to the different ve- 
ocities of the reſiſted body. This ſhall be the ſub- 
ect of cur next propoſition. | : f 


PROP. III. 


To aſſign the different augmentations of the re- 
/[iſting power of the air according to the different 


welccities of the refifled body. 


\ 5 no large ſhot are ever projected in practice 


virh velocities exceeding that of 1700 feet 


in 1”, I have not as yet made any experiments on 


the 


8 0 th. 


. 


Or CGUNNERT am 
the reſiſtance of bodies which have moved with 
a ſwifter motion than this, eſteeming the determi- 
nation of the variation of the reſiſtance to all leſ- 
ſer velocities, to be ſufficient for the purpoſes of this 
treatiſe. 133 | 

According to the trials I have made, the reſiſt- 
ing power of the air to velocities leſs than that of 
1700 feet in 1“, may be thus nearly exhibited. 


* 1 


Let AB be taken to AC in the ratio of the ve- 
locity of 1700 feet in 1”, to the given velocity to 
which the reſiſting power of the air 1s required ; 
continue the line AB to D, ſo that BD may be 
to AD, as the reſiſting power of the air to flow 


motions is to its reſiſting power to a velocity of 
1700 feet in 1”, then ſhall CD be to AD, as 


the refiſting power of the air to ſlow motions is 


to its reſiſting power to the given velocity repre- 


ſented by AG. .. 


PRO 3H, 


Jo determine the velocities with which muſket 


and cannon-ſhot are diſcharged from their 
reſpective pieces by their uſual allotment of 


powder, 
F ROM the computations of the 7th propo- 


ſition of the 1ſt chapter, confirmed by the 
ſucceeding experiments, it plainly appears, that a 
leaden ball of 2 of an inch in diameter, and weigh- 
ing nearly 1 + oz. avoirdupoiſe, if it be fired 
from a barrel of 45 inches in length, with half 
its weight of powder, will iſſue from that piece 
| with 


— Su * 
e 

I = _ n = 

pg Fr To r 8 


— — _ — . — — — 
SS 8 8 
3 8 20 ; 


2 bids. eds 
or. CET re 
A eee Rr wort 
+ 9 


— 


._—- 
* 4 
455 
In. 
an 
25 
* 1 
3 
1 

_ 
2 2 


128 
1 Ac. 
it * 
12H -« 
TS © 
4 "* 
mY 7 
: 

o 1 
b 


= 
. 
2 OY 
a2 
_ 
* 7 
„ + 9 
” $;- 
4 
3 


I adn $a 
8 3 6 woof oat „ 
4 br - — , 


2 * * 
U Yo - _ 
1 . 


* 
* 
"as. 


WRAY 44 ER 3 
3.37 2 "= — 


n 
8 — 
- ft 8 


1 


„ oe 


* S 
—— COIN 


143 NEW PRINCIPLES 


with a velocity which, if it were uniformly conti. 


nued, would carry it near 1700 feet in 1”. 


If inſtead of a leaden ball an iron one of the ſame 
diameter was placed in the ſame fituation in the 
ſame piece, and was impeiled by the ſame quan- 


tity of powder, the velocity of ſuch an iron bullet 


would be greater than that of the leaden one, in 
the ſubduplicate ratio of the ſpecific gravities of 
lead and iron; and ſuppoſing that ratio to be as 
3 to , and computing on the principles laid down 
in the laſt- cited propofition, it will appear, that an 
iron bullet of 24 lb. weight, ſhot from a piece of 
10 feet in length, with 16 1b. of powder, will 
acquire from the exploſion a velocity which, if 
uniformly. continued, would cairy it nearly 1650 
„ 

This is the velocity which, according to our 
theory, a cannon- ball of 24 lb. weight is diſ- 
charged with. when it is impelled by a full charge 
of powder; but if, inſtead of a quantity of pow- 


der weighing two-thirds of the ball, we ſuppoſe 


the charge to be only half the weight of the ball, 
then its velocity will on the ſame principles, be 


no more than at the rate of 1490 feet in 1“; and 


the ſame would be the velocities of every leſſer 
bullet, fired with the ſame proportions of powder, 
if. the lengths of all pieces were conſtantly in the 
ſame ratio with the diameters of their bore: and 
although, according to the uſual dimenſions of the 
ſmaller pieces of artillery, this proportion does 
not always hold, yet the difference is not conſider- 


able enough to occaſion a very great variation from 


the velocities here — 3 as will be obvious to 
any one, who ſhall make a computation thereon. 


But in theſe determinations, we ſuppoſe the 
windage to be no more, than is juſt neceſſary for 
the _ putting down the bullet; whereas, in real 
fervice, either through negligence or unſkilfulnels, 
; It 
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it often happens, that the diameter of the bore fo 


much exceeds the diameter of the bullet, that great 


part of the inflamed fluid eſcapes by its ſide; 
whence the velocity of the ſhot, in this caſe, may 


be conſiderably leſs, than what we have aſſigned. 
However, part of this may poſſibly be compen- 


ſated by the greater heat, which (as we have ob- 
ſerved in the 6th propoſition) in all probability 


attends the firing of theſe large quantities of pow- 


der. 


; COROLL ARE 
From the great velocity of cannon-ſhot aſſigned 


in this propoſition we may clear up that difficulty, 


which has driven ſome writers, on the common 
theory of gunnery, into a very extraordinary hypo- 
theſis. The difficulty, 1 mean, is the extent of the 
ſuppoſed point-blank ſhot, or the diſtance to which 
it is conceived to fly in a ſtraight line. Our Ander- 
ſon having found, by many experiments, that the 
track of ſhells and bullets, in the firſt part of their 
motion, was much leſs incurvated, than what it 
ought to be on the principles of Galileo, when com- 
pared with the diſtant ranges, he ſuppoſed, in order 
to reconcile this circumſtance with his theory, that 
every ſhot was impelled to a certain diſtance from 
the mouth of the piece, in a ſtraight line, or that 


for ſome diſtance it was no ways affected by the 


action of gravity. By this means he defended, as 
he thought, the hypotheſis of a parabolic motion, 
and at the ſame time aſſented to the vulgar opinion 
of the practical writers, who, in general, aſſerted 
the ſame thing. But could no better account be 
given of his experiments, it would yet be unne- 
ceſſary, I preſume, formally to confute ſo ſtrange a 


ſuppoſition as that of the ſuſpenſion of the action of 


gravity. Indeed, Anderſon was deceived, by his not 


knowing 
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knowing how greatly the primitive velocity of the 
heavieſt ſhot is diminiſhed in the courſe of its flight 
by the reſiſtance of the air. And the received opi- 
nion of practical gunners, is not more difficult to 
account for, ſince, when they agree, that every ſhot 
flies in a ſtraight line to a certain diſtance from the 
piece, which imaginary diſtance they have deno- 
minated the extent of the point-blank ſhot, we 


need only ſuppoſe, that within that diſtance, which 
they thus determine, the deviation of the path of the 


ſhot from a ſtraight line is not very perceptible 
in their method of pointing. Now, as a ſhot of 


24lb. fired with two thirds of its weight in powder, 


will, at the diſtance of 500 yards from the piece, 
be ſeparated from the line of its original direction, 


by an angle of little more than half a degree; 
thoſe, who are acquainted with the inaccurate 
methods often uſed- in the directing of cannon, 
will eaſily allow, that fo ſmall an aberration as this 


may, by the generality of practitioners, be unat- 


| tended to, and the path of the ſhot may conſe- 


quently be deemed a ſtraight line, eſpecially as other 
cauſes of error will often intervene, much greater 
than what ariſes from the incurvation of this line by 
„ | | 


In the preſent propoſition, the velocity of a ſhot 


is determined, both when fired with two thirds of 
its weight of powder, and with half its weight of 
powder, reſpectively; and, on this occaſion, I muſt 


remark, that on the principles of the theory, which 
we have aſcertained in this treatiſe, the increaſing 


the charge of powder will increaſe the velocity of 
the ſhot, till the powder arrives at a certain quan- 
tity; after which, if the powder be increaſed, the 
velocity of the ſhot will diminiſh. The quantity 
producing the greateſt velocity, and the proportion 


between that greateſt velocity and the velocity com- 


municated 


_ thus aſſigned. 


of A ³ĩÜ¹ KT 
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municated by greater and leſſer charges, may be 


Let AB repreſent the axis of the piece; draw AC 
perpendicular to it, and to the aſymptotes AC and 
AB, deſcribe any hyperbola LF, and draw BF par- 
allel to AC; find out now the point D, where the 


rectangle ADEG is equal to the hyperbolic area 


DEFB, then will AD repreſent that heighth of the 


charge, which communicates the greateſt velocity 


to the ſhotz whence AD being to AB, as 1 to 
2,71828, as appears by the table of logarithms, 
from the length of the line AD, thus determined, 
and the diameter of the bore, the quantity of pow- 
der, contained in this charge, is eaſily known. 
If, inſtead of this charge, any other, filling the 


cylinder to the height Al, be uſed, draw IH par- 


allel to AC, and through the point H, to the fame _ 
aſymptotes AC and AB, deſcribe the hyperbola HK; 


then the greateſt velocity will be to the velocity 
communicated by this charge AI, in the ſubdupli- 


cate proportion of the rectangle AE, to the ſame. 
rectangle diminiſhed by the trilinear ſpace HKE, 
All this eaſily follows from the principles laid down 
in the 7th propoſition of the 1ſt chapter. 


PROP. 
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PROP. v. 
When a cannon-ball of 24\b. weight, fired with 
a full charge of powder, firſt iſſues from the 


piece, the reſiſtance of the air on its ſurface 


amounts to more than twenty times its gra- 
vity. „ 


O R we have ſhewn, in the ſecond propoſition 

of the preſent chapter, that the reſiſtance of 
the air on the ſutface of a bullet of + of an inch 
diameter, moving with a velocity of 1670 feet in 
17, amounted to 10 lb. Now we have ſeen, in 
the laſt propoſition, that an iron bullet weighing 
24 lb. if fired with 16 lb. of powder, (which is 


_ uſually efteemed its proper battering charge) acquires 


a velocity of about 1650 feet in 17, ſcarcely differin 
from the other ; whence, as the ſurface of this lat 


bullet is more than fifty - four times greater than the 


ſurface of a bullet of + of an inch in diameter, and 
their velocities are nearly the ſame, it follows, that 
the reſiſtance on the larger bullet will amount to 
more than 340 Ib. which is near twenty-three times 
its own weight. | 


SCHOLIUM. 


We have obſerved, in the introduction, that the 
theoriſts, who have profeſſedly written on the ſub- 


ject of gunnery, have generally agreed in ſuppoſing 


the flight of ſhot and ſhells to be nearly in the 
curve of a parabola; and it is againſt this hypo- 
theſis that the two laſt propoſitions are particularly 
aimed. 1 , 


For the reaſon, which has been given by theſe 


authors, in ſupport of their opinion, is the ſuppoſed 
- | incon- 


e ee 
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inconſiderable reſiſtance of the air; ſince, as it is 


agreed on all ſides, that the track of projectiles 
3 be a parabola, if there was no reſiſtance; it 


has from thence been too raſhly concluded, that the 


interruption, which the ponderous bodies of ſhells 
and bullets would receive from ſo rare a medium as 


the air, would be ſcarcely ſenſible, and conſequently 
that their parabolic Sgt would be hereby ſcarcely 
affected. 


Now the prodigious reſiſtance of the air to a bullet 


of 24 lb. weight, ſuch as we have here eſtabliſhed 


it, ſufficiently confutes this reaſoning; for how erro- 
neous muſt that hypotheſis be, which neglects as 
inconſiderable, a force, which amounts to more than 
twenty times the gravity of the moving body? 
However, we ſhall not content ourſelves with having 
demonſtrated the reality and quantity of the air's 
refiſtance, but we ſhall proceed to a more particular 
examination of the flight of bodies in that medium, 
where we ſhall evince, by many experiments, how 


greatly the track, deſcribed by almoſt every pro- 


jectile, deviates in every circumſtance from what it 
ought to be on the generally - received principles. 


But, firſt, it is neceſſary to aſſume a few particulars, 
the demonſtrations of Which may be found in almoſt 
every writer on the common theory of falling bodies. 

Poſt. 1. If the reſiſtance of the air be fo ſmall, 
that the motion of a projected body be in the curve 
of a parabola; then the axis of that parabola will 
be perpendicular to the horizon, and conſequently 
the part of the curve, in which the body aſcends, 


will be equal and ſimilar to that in which it de- 


ſcends. 

Poſt. 2. If the parabola, in which the body moves, 
be terminated on a horizontal plain; then the vertex 
of the parabola will be equally diſtant from its two 
extremities. | 


* 


Pet. 
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Poft. 3. Alſo the moving body will fall on that 


83 plain in the ſame angle and the ſame 


velocity, with which it was firſt projected. 
Poſt. 4. If a body be projected in different angles, 
but with the ſame velocity; then its greateſt horizon- 
tal range will be, when it is projected in an angle of 
45? with the horizon. 
Poſt. 5. If the velocity, with which the body is 
projected, be known, then this greateſt horizontal 


range may be thus found: compute, according to 


the common theory of gravity, what ſpace the pro- 
jected body ought to tall through to acquire the 


velocity, with which it is projected; then twice that 


ſpace will be the greateſt horizontal range, or the 
horizontal range, when the body is projected | in an 
angle of 45 with the horizon. 

Poſt. 6. The horizontal ranges of a body, when 
projected with the ſame velocity, at different angles, 
will be between themſelves, as the ſines of twice the 


angle, in which the line of projection is inclined — 


the horizon. 
Pioſt. 7. If a body be projected in the ſame angle 


with the horizon, but with different velocities; che 


horizontal ranges will be in the duplicate Proportion 
of thoſe velocities. 


Theſe poſtulates contain the principles, on which 
the motions of projectiles are computed by the 


modern writers on the art of gunnery. 
If any of theſe poſtulates hold not true, when 
applied to the motion of a projectile, then that 


projectile deviates in its flight from a parabolic 
track; we ſhall therefore effectually deſtroy the com- 


mon theory of T if we can fhew, that, in 
general, none of theſe poſtulates correſpond to the 
obſerved motions of hols bodies. 


PROP, 
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The track deſeribed by the flight of ſhot or 
ells is neither a parabola, nor nearly a 
parabola, unlefs they are projected with ſmall 
wes. · A | 
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OR we have determined in the fourth pro- 
poſition of the preſent chapter, that a muſket- 
ball 2 of an inch in diameter, fired with half its 
weight of powder from a piece 45 inches long, 
moves with a velocity of near 1700 feet in 4” 
Now, if this ball flew in the curve of a para- 
bola, its horizontal range at 45* would be found, 
by the fifth poſtulate, to be about 17 miles. Now 
all the practical writers aſſure us, that this range 
is really ſhort of half a mile. Diego Ufano al- 
ſigns to an arquebuſe, 4 feet in length, and car- 
rying a leaden ball of 15 oz. weight (which is 
very near our dimenſions) an horizontal range of 
797 common paces, when it is elevated between 
40 and 50 degrees, and charged with a quantity 
of fine powder equal to the weight of the ball. 
Merſennus too tells us, that he found the horizon- 
tal range of an arquebuſe at 45? to be leſs than 
400 fathom, or 800 yards; whence, as either of 
theſe ranges are ſhort of half an Engh mile, it 
follows that a muſket-ſhot, when fired with a 
reaſonable. charge of powder, at. an elevation of 
455, flies not the r part of the diſtance it ought 
to do, if it moved in a parabola. vl 
Nor is this great contraction of the horizontal 
range to be wondered at, when it is conſidered, 
that the reſiſtance of this bullet, when it firſt iſſues 
from the piece, amounts to 120 times its gravity, 
as has been experimentally demonſtrated in the 
ſecond propoſition of the preſent chapter. ” 
„ K | Again, 
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Again, leſt it ſhould be ſaid, that this aberra- 


tion of the flight of a muſket-ball from the curve 


of a parabola. is no proof, but that heavier ſhor, 
whoſe reſiſtance is much leſs in proportion to their 
weight, may ſufficiently coincide with the com- 
mon hypotheſis; our next inſtance ſhall be in an 


iron bullet of 24 Ib. weight, which is the heavieſt | 


in common uſe for land ſervice. Such a bullet, 
fired from a piece of the cuſtomary dimenſions, 
with its greateſt allotment of powder, has a velo- 
city of 1650 feet in 1“, as we have determined in 
the fourth propoſition of the preſent chapter. Now 
if the horizontal range of this ſhot, at 45% be 


computed on the parabolic hypotheſis by the fifth 


poſtulate, it will come out to be about 16 miles, 
which is between five and fix times its real quan- 
tity ; for the practical writers all agree in making 
it leſs than three miles: and St. Remy informs us 
of ſome experiments made by Mr. du Metz, in 


which the range, at 45*, of a piece ten feet in 


length, carrying a ball of 24 Ib. and cha 
with 16 lb. of powder, was 2250 French fathom, 
which is 222 fathom ſhort of three miles; conſe- 
quently an iron bullet of 24 Ib. weight, when im- 
pelled with its full allotment of powder, flies not, 
at 45*, to the fifth part of the diſtance which it 
ought to do, if it deſcribed the curve of a para- 
bola. | „ | 

But farther, it is not only, when projectiles are 


moved with theſe way great velociries, that their 
r 


flight ſenſibly varies from the curve of a parabo- 
la; the ſame, aberration often takes place in ſuch, 
as move ſlow enough to have their motion traced 
out by the eye; for there are few projectiles, that 
can be thus examined, which do not viſibly diſagree 
with the firſt, ſecond, and third poſtulate, they 
obviouſly deſcending through a curve which is 
ſhorter and leſs inc. ined to the horizon than that 


in 


yards; whence, in this experiment, the range 


Ox GUNNERY. | 17 
in which they aſcended; alſo the higheſt point of 


their flight, or the vertex of the curve, is much 


nearer to the place, where they fall on the ground, 


than to that from whence they were at firſt dif- 
charged. Theſe things cannot be a moment doubt- 


ed of by one, who in a proper ſituation. views the 
flight of ſtones, arrows or ſhells thrown to any con- 
ſiderable diſtance. 8 | | | 
I have found too by experience, that the fifth, 
ſixth and ſeventh poſtulates are exceſſively errone- 
ous, when applied to the motions of bullets mov- 
ing with ſmall velocities : a leaden bullet 4 of an 
inch in diameter, diſcharged with a velocity of 
about 400 feet in 1“, and in an angle of 19%: 5, 
with the horizon, ranged on the horizontal plane, 
no more than 448 yards; whereas its greateſt ho- 


rizontal range being found by the fifth poſtulate, 
to be at leaſt 1700 yards, the range at 197: 5\, 


ought, by the ſixth poſtulate, to have -been 1050 
was not 2 of what it muſt have been, had the com- 
mon- received theory been true. £15: LIM 
Again, a ball was fired with the ſame velocity 


as in the laſt experiment, but at an elevation of 


9“: 45% its horizontal range was at a medium 
330 yards, . 

Now this range, according to the fifth and ſixth 
poſtulates, (if its original velocity be conſidered) 
ſhould have been 566 yards. But if it were to be 
deduced from the laſt experiment, by means of 
the ſixth poſtulate, it ſhould have been no more 
than 241 yards; either of which numbers are ex- 
tremely diſtant from 330. t 

Again, a ball being fired at an elevation of 80, 
but with a velocity of 700 feet in 1”, the hori- 
zontal range at a medium was 690 yards. Fatt 

But computing this range from the original ve- 
locity of the projected 8 according to the _ 
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148 NEW PRINCIPLES 
and ſixth poſtulates, we ſhall find, that if the-theg- 
y, on which thoſe poſtulates are founded, could be 
relied on, the range in the preſent inſtance ought 
to have been 1400 yards; whence it appears, that 
the body flew not to half the diſtance which, had 
it moved in a parabola, it ought to have done. 
Again, a ball being fired with the ſame velocity 
as in the Jaſt, but at an elevation of 4, its hori- 
Zontal fange was 600 grins B yo TH 
No this range, if deduced from the laſt ex- 
riment by the ſixth poſtulate, ſhould not have 
— more than 3530 yards; hence then is evinced 
the falſity of that poſtulate, and conſequently of 
the parabolic hypotheſis, on which it is founded. 


* 


by the flight, even of the heavieſt ſhot, is neither 


A parabola, nor approaching to a parabola, except 


when they are projected with very ſmall velocities; 
we ſhall refer to a ſecond part, a more diſtin& 
explication of the nature of the curve, which theſe 
bodies really trace out in their motion through the 
air : but, as a ſpecimen of the great complication 
of that ſubject, I ſhall here inſert an account of a 
very extraordinary circumſtance, which trequently 
takes place therein, ; | 


As gravity acts perpendicularly to the horizon, 


it is evident, that if no other power but gravity 
deflected a projected body from its rectilinear 
courſe, its motion would be conſtantly performed 
in a plane perpendicular to the horizon, | paſſing 
through the line of its original direction: but we 
have found, that the body in its motion often de- 
viates from this plane, ſometimes to the Tight- 
hand, and at other time, to the left; and this in 
an incurvated line, which is convex towards that 
plane; ſo that the motion of a. bullet is frequently 
in a line, having a double curvature, it being 
bent towards the horizon by the force of gravity 


*%" + 4 


Having thus proved, that the track deſcribed 
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and again bent out of its original direction to the 
right or left by the action of ſome other force: 
in this caſe no part of the motion of the bullet is 
performed in the ſame plane, but its track will lie 
in the ſurface of a kind of cylinder, whoſe axis 
is perpendicular to the horizon. The truth of 


this aſſertion we ſhall evince by indiſputable ex- 


periments - | 


PROP. VII. 


* 


Bullets in tbeir flight are not only depreſſe 4 


beneath their original direction by the action 
of gravity, but are alſo frequently driven 
| to the right or left of that direction by the 
action of ſame other force. | 18 


F it was true, that bullets varied their direction 
by the action of gravity only, then it ought 
to happen, that the errors, in their flight to the 
right or left of the mark they were aimed at, 
ſhould increaſe in the proportion of the diſtance 
of the mark from the piece only: but this is con- 
trary to all experience; the ſame piece, which will 


carry its bullet within an inch of the intended 


mark, at 10 yards diſtance, cannot be relied on 
to 10 inches in 100 yards, much Jeſs to 30 inches 


in 300 Ju This increaſe of the uncertainty 


of the ſhot in great diſtances, more than in the 


proportion of thoſe diſtances, muſt have been ob- 


ſerved by all, who have been at any time converſant 
with the practical part of artillery. Now this in- 
equality can only ariſe. from the track of the bul- 
lot being incurvated ſideways as well as down- 


wards; for by this means the diſtance between 


that incurvated line, and the line of direction, 


will increaſe in a much greater ratio than that of 


the diſtance; theſe lines being coincident at the 
= > 0 mouth 
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mouth' of the piece, and afterwards ſeparating in 
the manner of a curve and its tangent, if the 
mouth of the piece be conſidered as the point of 
R oy | 
But that thoſe, who have not been themſelves ac- 
cuſtomed to theſe matters, may entertain no doubt 
about what we here aſſert; I ſhall recite ſome ex- 
periments, I have made, which will put the mat- 
ter out of all queſtion. x | 

I took a barrel carrying a ball of + of an inch 
diameter, and fixing it on a heavy carriage, I ſa- 
tisfied myſelf of the ſteadineſs and truth of its 
direction, by firing at a board 1+ foot ſquare, 
which was placed at 180 feet diſtance ; for 1 


found, that in 16 ſucceſſive ſhot I miſſed the board 


but once. Now the ſame barrel being fixed on the 
ſame carriage, and fired with a ſmaller quantity 
of powder, ſo that the ſhock on the diſcharge 


would be much leſs. and conſequently the direc- 


tion leſs changed, I found, that at 760 yards diſ- 


tance, the ball flew ſometimes 100 yards to the 
right of the line it was pointed on, and at other 


times 100 yards to the left. I found too, that 
its direction in the perpendicular line was not leſs 
uncertain, it falling one time above 200 yards 
ſhorr of what it did at another; although, by the 
niceſt examination of the piece after the-diſcharge, it 


appeared not to have the leaſt ſtarted from the po- 


fition it was placed in. 5 
This then ſufficiently confirms the propoſition, 

ſince it was impoſſible the bullet could 5 

in the manner here deſcribed, had not the line of 


its flight been bent round to the right or left a 


well as downwards. 


SCHOLITEM. 


The reality of this doubly-incurvated track be- 


ing thus demonſtrated, it may perhaps be aſked, 


ave flown 


Vn 


of 


IF as 


Ozx:GUNN ERF. 2 ng 
what can pe the cauſe of a motion fo different» 
from. what has been hitherto ſuppoſed ? And to 
this I anſwer, that the deflection in queſtion muſt 
be owing to ſome power acting obliquely to the 
progreſſive motion of the body, which power can 
be no other than the reſiſtance of the air. If it 
be farther aſked, how the action of the reſiſtance 
of the air can at any time be-in a line oblique 
to the progreſſive motion of the body? I farther 
reply, that it may ſometimes ariſe perhaps from in- 
equalities in the reliſted ſurface, but that its general 
cauſe is doubtleſs a whirling motion acquired by 
the bullet about its axis; for by this motion of 
rotation, combined with - the progreſſive motion, 
each part of the buller's ſurface will ſtrike the air 
in a direction very different from what it would do, 
if there was no ſuch whirl; and the obliquity of 
the action of the air ariſing from this cauſe will 
be greater, according as the rotatory motion of the 
bullet is greater in proportion to its progreſſive 
motion. 5 

I have now finiſhed all that I propoſed to deter- 
mine in this place, relating to the force of pow- 
der and the reſiſtance of the air: but as the know- 
ledge of the reſiſtance of ſolids to the penetration 
of thot is of great importance in the practical 

t of gunnery, eſpecially in battering in breach; 
ſhall end the preſent treatiſe with. a propoſition 
relating thereto, which is as follows. 
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If bullets of the ſame diameter and denſity in- 


 pinge on the ſame ſolid ſubſtance with different 


velocities, they will penetrate that ſubſtance 
to different depths, which will be in the 
duplicate ratio of thoſe velocities nearly. And 


the refifiance of ſolid ſubſtances to the pene- 


tration of bullets is uniform. 


* 


= 


| found to be true in a great number of in- 
ſtances ; for when a leaden bullet +4 of an inch in 
diameter, was fired againſt a ſolid block of elm, 
with a velocity of about 1500 feet in 1”, I found, 
that in a great number of trials it had penetrated 
from 4 to 55 inches deep. When a bullet of the 
ſame ſize was fired againſt the ſame block, with 


a velocity of about 730 feet in 1”, its outer ſur- 


face was always near + of an inch within the ſur- 
face of the wood, ſo that its penetration was at a 
medium about 1 inch; or, if the cavity be con- 
ſidered, and reduced to a cylinder, about + of an 
inch, and with a velocity of 400 feet in 1”, the 


| bullet penetrated the fame block 'ufually to about 


half its ſubſtance, which, reduced to a cylindric 
cavity is + of an inch in depth. OO © 
Now 55, Io, 3, are nearly in the duplicate pro- 
portion of theſe velocities ; whence, if the pene- 
tration to the greateſt velocity be ſuppoſed 5 inches, 
the penetration of the others ought by the propoſition 
to be +7 and Fr of an inch reſpectively ; and theſe 


numbers ſcarcely differ from + and 2, which are what 
we have found in our experiments; a greater co- 


incidence than this cannot be expected, when the 


unequal texture of the fame piece of wood, and 


e 


HE firſt part of this propoſition 1 have 
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the change of the form of the bullet by the ſtroke, 
are conſidered. 

Now, from the penetration being in the dupli- 
cate proportion of the velocity of the impinging 
body, the uniform reſiſtance of the wood is eaſily 
evinced on the ſame principles, that the uniform 
action of gravity is demonſtrated from its com- 
municating to falling bodies velocities in the du- 
plicate proportion of the ſpaces they deſcend through, 
or from the riſing of bodies when projected up- 
wards, to heights which are in the duplicate pro- 
poo of the velocities, with which they begin to 
aſcend. 
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An account of à book intituled, New 
Principles of Gunnery, containing 
the determination of the force of 
gunpowder; and an inveſtigation of 
1 reſiſting power of the air to ſwift 
and flow motions; as far as the fame 
relates to the force of gunpowder. 
Read before the Royal Society, 
April 14 and 21, 1743. and printed 
in the RL was Tanker 
No. 469. 
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n H 18 treatiſe contains two chapters 
« WW, The firſt treats of the force of gun-. 
Bl I Ie powder, and the velocities communis, 
> catcd to bullets by its. exploſion : the 
ſecond conſiders the reſiſtance of the, 
air to bullets and ſhells moving with great velocities;, 
and endeavours to evince, that this reſiſtance 13 
much beyond, what it is generally eſteemed to be; 
and conſequently, that the track deſcribed by che 
flight of theſe projectiles, is very different, from what 
is uſually ſuppoſed by the modern writers on this 
ſubject. | 
| x 'he principal points eds to be eſtabliſhed: 
in the firſt chapter are theſe, „That the force of 


ce fired 


158 TCC 
ce fired gunpowder. is no more than the action of a 
< permanent elaſtic fluid, which is produced by the 
<« exploſion;-that this fluid obſerves the ſame laws 
< with common air in their exertion of its preſſure | 
1 ortlaſticityz*” and ene «© That the velo- ſt 
« cities, communicated to bullers by the exploſion, b 
may be eaſily computed. from the common rules, tl 
< which are eſtabliſhed for the determination of the 
<- air's elaſticity." - is Aer TT 
The two firſt propoſitions contain the proofs, that 
a permanent elaſtic fluid is conſtantly generated in 
the exploſion of. gunpowder; this is evinced by well- 
known experiments daily repeated, and acquieſced 
in by all, who have frequented the uſual courſes of 
experimental philoſophy, of which theſe experiments 
generally make a part; ſo that the author preſumes, 
he may conſider this point as inconteſtably eſtabliſhed, 
at leaſt he has never yet met with any, who have 
queſtioned it. | 2: | 
The third propoſition is, that the elaſticity of this 
fluid produced by the firing of gunpowder, is, cæ- 
teris paribus, directly as its denſity; and the experi- 
ment, by which this was confirmed, was letting fall 
ſeparately two quantities of powder, the one double 
the other, on a red-hot iron included in an exhauſted 
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which was three ſixteenths of an ounce; but that 
he had really made many more equally concluſive, 


which he thought it unneceſſary to mention, How- 
ever, thoſe, who doubt of this propoſition, may 


ſatisfy themſelves herein by ſome experiments made 


by the late Mr. Haukſoee before this SociE Hv, 
though with a different view; where, by the. firing 
of twenty-ſix quantities of powder ſucceſſively, the 
mercurial gage was ſunk from twenty-nine inches 
and a half, ro twelve three fourths; for by com- 
paring theſe experiments together, and making the 
neceſſary allowances, it will be found, that the ela- 
ſticity was nearly proportional to the denſity in all 


that variety of denſities. 


In this propoſition, the analogy between the fluid 
produced by the exploſion of powder and common 
air, 1s eſtabliſhed thus far, thar they exert equal ela- 
ſticities in like circumſtances; for this variation of 
the elaſticity, in proportion to the denſity, is a well- 
known property of common air. But other authors, 


who, ſince the time of Mr. Boyle, have examined 


the factitious elaſtic fluids. produced by burning, 
diſtillation, Sc. have carried this analogy much far- 


ther, and have ſuppoſed theſe fluids to be real air, 


endued with all the properties of that we breathe; 
particularly the reverend Dr. Hales, who has purſued 
this examination with the greateſt exactneſs, in a 
ſeries of the beſt contrived proceſſes, conſtantly af- 


fixes the denomination of air to theſe factitious fluids; 


he having found, that their weight is the ſame with 
that of common air, and that they dilate with heat, 
and contract with cold; and that they vary their 
denſities under different degrees of impreſſion in the 
ſame proportion with common air; and from hence, 
and other circumſtances of agreement between them, 
he ſuppoſes them to be of the ſame nature. with air, 
and conceives them to be fitly deſigned by the ſame 


But 


150 nne 0 

But ſo perfect a coogruity between, theſe factitious 

fluids-and air is got neceſſat for the purpoſes. of this 

treatiſe. The fundamental poſitians of this firſt 
chapter bo no more, than that the elaſticity 

- the fluid produced in the explaſign of gunpowder 


is always, ceteris paribus, as its denſity; and that 


the force of fired gunpowder is oaly_ the action of 
that fluid. modified according to this law. It hay 
been already mentioned, on what grounds the firf] 
of theſe principles hath been aflerted, as contained 
in the third propoſuĩon; and it remains to explain 


the reaſons urged for the ſupport of the laſt in the 


eight ſucceeding propoſitions, | 
* The'law of the action of this fluid being deter- 
mined, two methods offer themſelves for inveſti- 
gating the abſolute force of powder an the bodies, 

it irapels before it. The firſt by examining the 
quantity of this. fluid produced by a given quantity 
of powder, and thence finding its elaſticity at the 
inſtant of the exploſion; the other by determining 
the actual velocities communicated to. bullets by 
known charges, acting through barrels of different 
dimenſions. The firſt is the moſt eaſy and obvious, 
but the ſecond the maſt accurate method; and there- 
fore. the author has ſeparately purfued each, and he 
has found, that their concurrence has greatly ex- 
ceeded his expectation, and thereby both of them 
receive an additional confirmation. 
The quantity of the elaſtie fluid, produced by the 
| dy a given quantity of powder, is determined 
hom much the mercurial gage ſubſides thereby, 
making a proper allowance for the increaſe of its 
elaſticity from the heat of the included hot iron. 


But then, as the ſubſiding gf the mercury is not 
meaſured till the flame of the powder is extinguiſned, 
and the flame is reduced ſome what near the tem- 


perature of the external air; it is evident, that the 


— 
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elaſticity thus eſtimated is much ſhort of whar ir 
really was in the inſtant of exploſion; and therefore, 
to obtain that elaſticity, which is the force ſought, 
it is neceſſary to make ſome eſtimate of the increaſe 
of the elaſticity of the fluid by the fire and flame 
of the exploſion. For this purpole it is examined in 
the fifth propoſition, how much the elaſticity of 


common air is increaſed by a degree of heat equal 


to that of iron beginning to grow white hot; and it 
is found, at a medium, to be thereby augmented 


ſomething more than four times; whence, as the 


fluid, produced by any quantity of gunpowder takes 
up, when compreſſed by the weight of the incum- 
bent atmoſphere, a ſpace fomething leſs than 250 
times the bulk of the powder; it follows, that if its 


elaſticity, in the inſtant of exploſion, be ſuppoſed to 


be increaſed in the ſame proportion with that of the 
air laſt mentioned, it becomes by this means abour 
1000 times greater than the preſſure of the atmo- 
ſpherez that is, conceiving it to be contained in that 
ſpace only which the powder occupied, before it was 
fired. | 

Thoſe, who have not been converſant in theſe 
experiments, may poſſibly ſuppoſe, that the elaſticity 
of the powder at the inſtant of exploſion may be- 
immediately known by the firſt ſudden deſcent. of the 
mercury: but many circumſtances concur to render 
this method impracticable; amongſt the reſt, it muſt 
be remembered, that ſome air is conſtantly left in 
the receiver, which is heated by the blaſt, and unites 
its effects, in the firſt inſtant, with the action of the 
powder: beſides, the firſt deſcent may be varied, by 


varying the tube, although all things elſe remain 


unchanged. | | 59 
By the method hitherto deſcribed, it is collected, 
that the elaſticity of the fluid produced from fired 


gunpowder, when contained in the ſpace, which 


was taken up by the powder before the exploſion, 
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is about 1000 times greater than the elaſticity of 


common air, or, which is the ſame thing, 1000 


times greater than the preffure of the atmoſphere. 
But, beſides the determination of the quantity of 
fluid, produced from a given quantity of powder, 
(the method on which this deduction is founded) 
there 1s another method of diſcovering the ſame 
thing, which, though leſs obvious, is yet (as hath 
been already obſerved) more accurate: that is, by 


examining the actual velocities communicated to 


bullets by the exploſion of given charges in given 
cylinders; and this is the ſubject of the 7th, 8th, 
and gth propoſitions. 15 
And firſt, it is evident, that this examination can- 
not take place, unleſs a method of diſcovering the 
velocities of bullets be previouſly eſtabliſhed. Now 
the only known means of effecting this was, either 
by obſerving the time of the flight of bullets through 
a given ſpace; or by finding their ranges when they 
were projected at a given angle, and thence com- 
np their velocity on the hypotheſis of their para- 
olic motion. The firſt of theſe methods was often 
impracticable, and in all great velocities extremely 


Inaccurate, both on account of the ſhortneſs of the 


time of their flight, and the reſiſtance of the air, 
The ſecond is ſtill more exceptionable; ſince, by 
realon of the air's reſiſtance, the velocities thus 
found may be leſs in any ratio given, than the real 


velocity ſought. Now, to avoid theſe difficulties 
the author has invented a method of determining 


the velocities of bullets, which may be carried to 
any required degree of exactneſs, and is no ways 
liable to the forementioned exceptions; for, by this 
invention, the velocity of the bullet is found in any 
point of its track, independent of the velocity it had 
before it arrived at that point, or of the velocity it 
would have, after it had paſſed it: ſo that not only 
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piece, is hence known, but alfo its velocity, after 


it has paſſed to any given diſtance; and therefore 


the variations of its velocity from the reſiſtance of 
the air may be alſo aſcertained with great facility. 
The machine for this purpoſe is deſcribed in the 8th 
propoſition, and the principle, it is founded on, is 
this ſimple axiom of mechanics; That if @ body in 


notion ſtrikes on another at reſt, and they are not fepa- 


rated after the ſtrote, but move on with one common 
motion; then tbat common motion is equal to the motion, 
with which the firſt body moved before the ſtroke: 
whence, if that common motion and the maſſes of 
the two bodies are known; the motion of the firſt 
body before the ſtroke is thence determined. On 
this principle then it follows, that the velocity of a 
bullet may be diminiſhed in any given ratio, by its 
being made to impinge on a body of a weight pro- 
perly proportioned to it; and hereby the moſt vio- 


lent motions, which would otherwiſe eſcape our 


examination, are eaſily determined by theſe retarded 
motions, which have a given relation to them. 
Hence then, if a heavy body greatly exceeding -the 
weight of the bullet, whoſe velocity is wanted, be 
ſuſpended, ſo that it may vibrate freely on an axis in 
the manner of a pendulum, and the bullet impinges 
on it, when it is at reſt; the velocity of the pendu- 
lum after the ſtroke will be eaſily known by the 
extent of its vibration; and from thence, and the 
known relation of the weight of the bullet and the 
pendulum, and the poſition of the axis of oſcillation, 
the velocity, with which the bullet is impinged, 
will be determined, as is largely explained in the 
8th propoſition. Where note, that there is a para- 
graph by miſtake omitted in that propoſition, which 
thould increaſe the velocity there found in the dupli- 
cate proportion of the diſtances of the points of of- 
cillation and percuſſion from the axis of ſuſpenſion, 
but this only affects * particular number, for it 
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was remembered in the computations of the fuc- 
ceeding experiments, the numbers of which are truly 


| ſtated. | 


It being explained how the velocities of bullets 
may be diſcovered by experiment: the next conſi- 
deration is, from thoſe velocities to determine the 
force, which produced them. | 2 

And the author thought, the beſt method of effect- 
ing this was by computing, what velocities would 
ariſe from the action of fired powder, ſuppoſing its 
force to be rightly aſſumed by the proceſs in the 
preceding part; that is, ſuppoling the elaſticity of 
the fluid thence ariſing to be at firſt 1000 times 
greater than that of common air; for then, by com- 
paring the reſult of theſe computations with a great 
number of different experiments, it would appear, 
whether that force was rightly aſſigned ; and it not, 
in what degree it was to be corrected. cy 

Preparatory to this computation, the author 
aſſumes, in his 7th propoſition, theſe two principles: 
__.Tf, Thar the action of the powder on the bullet 
ceales, as ſoon as the bullet is got out of the piece. 
 edly, That all the powder of the charge is fired, 
and converted into an elaſtic fluid, before the bullet 
is ſenſibly moved from its place, 

And in the annexed ſcholium he has given the 


arguments and experiments, which induced him to 


rely on theſe poſtulates; all which is neceſſary at 


preſent to diſcuſs more at large. 


If the force of gunpowder was ſuppoſed capable 
of being determined with the ſame accuracy and 


rigour, which takes place in ſubjects purely geome- 
trical; the firſt of theſe poſtulates would be doubt- 


leſs erroneous, fince it cannot be queſtioned but the 


flame acts in ſome degree on the bullet after it is out 
of the piece. | 


But it is well known, that in experimental ſub- 


jets no ſuch preciſeneſs is attainable z for thoſe 


. verſed 


Or GUNNERY, 165 
verſed in experiments perpetually find, that either 
the unavoidable irregularities of their materials, or 
the variation of ſome unobſerved circumſtance, occa- 
fion very diſcernible differences in the event of ſimilar 
trials. Thus the experiments made uſe of for con- 
firming the laws of the colliſion of bodies, have never 
been found abſolutely to coincide either with the 
theory, or with each other. The ſame is true of the 
experiments on the running and ſpouting of water 
and other fluids, and of the experiments made by 
Sir Iſaac Newton, for the confirmation of his theory 
of reſiſtances; in which, though they often differ 


from each other, and from that theory by one-twen- 


tieth, one tenth, and even ſometimes one-fifth part; 
yet thoſe ſmall inequalities have never been urged 
as invalidating his concluſions, ſince, in experiments 
of that nature, it was rather to be wondered at, that 
the difference between the different trials was ſo 
mall. 55 „ ig 

And if ſome minute irregularities are the neceſſary 
concomitants of all complicated experiments, it may 


be well ſuppoſed, that the action of ſo furious a 


power as that of fired gunpowder, which viſibly 
agitates and diſorders all parts of the apparatus made - 
uſe of, cannot but be attended with ſenſible varia- 
tions; and it in fact appears, that in the table of 
experiments inſerted in the gth propoſition, the ve- 
locities of bullets fired from the ſame piece, charged 
with the ſame powder, and all circumſtances as near 
as poſſible the ſame, do yet differ from each other 
by one-fiftieth, one-fortieth, and ſometimes more 
than one-thirtieth of the whole; and yet the author 
does. not conceive, that theſe ſmall differences are 
any exception to the concluſiveneſs of his principles; 
but, he preſumes, that had he pretended, without 
diſcloſing his method, to. have computed the force 
of powder, and the velocities of builets, in different 
circumſtances, to a much leſs degree of accurach 
L 3 than 
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than this, he ſhould have been cenſured, as boaſting 
of what would have been thought impracticable. 

If then the action of the flame on the bullet, after 
it is out of the piece, is ſo ſmall as to produce no 
greater an effect, than what may be deſtroyed by the 


inevitable variations of the experiments, the neglect- 


ing it intirely, and ſuppoſing no ſuch force to take 
place, is both a convenient and a reaſonable pro. 
cedure: for indeed, without the aſſumption of poſtu- 
lates of this kind, it were impoſſible to have pro- 
ceeded one ſtep in natural philoſophy ; ſince no 
mechanic problem hath been ever ſolved, in which 
every real inequality of the moving force hath been 


 conlidered., 


| Now what induced the author to ſuppoſe, that 
this poſtulate (though not rigorouſly true) might be 


_ ſafely aſſumed, was the conſideration of the ſpread- 


ing of the flame by its own elaſticity, as foon as it 
eſcapes from the mouth of the piece: for by this 
means he conceived, that the part of it, which im- 
pinged on the bullet, might be ſafely neglected; 
although the impulſe of the intire flame was a very 
remarkable fress n 
With regard to the ſecond poſtulate, T hat all 
the powder is fired before the bullet is ſenſibly 
„ moved from its placez” it is incumbent on the 
author to be ſtill more explicit, as this Socigrr 
did ſome time ſince appoint a committee for exa- 
mining this very poſition, who, after making a great 
number of experiments, have determined, * That 


all the powder is not fired, before the bullet is ſenjibly 


moved from its place; and they have, at the ſame 
time, aſſigned the quantities remaining unfired under 
different circumſtances. 


* Theſe determinations of the committee are moſt. 
true; but the author muſt obſerve, that from the 


* See theſe Tranſactiont, No. 465. p. 172, c. 
experiments 
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experiments recited by them, and the quantity of 


unfired powder, which they collected, it may be con- 
eluded, that in a barrel of a cuſtomary length, 


charged with the uſual quantity of powder, the de- 


ficiency of velocity occaſioned by the powder remain- 
ing unfired will be ſcarcely ſenſible; and in the 
ſhorteſt barrel ever uſed by the author, where the 
ſpace, the bullet was impelled through, was not five 
inches, and where of courſe this deficiency of velo- 
city ought to be the greateſt, it cannot amount to 
one-thirtierh part of the whole; and conſequently 
this poſtulate, though not rigorouſly true, may yet 
be ſately aſſumed, in the inveſtigating the effects of 
powder. But before this is more particularly exa- 
mined ; it is neceſſary to explain the opinions, which 


have formerly taken place on this ſubject. 


Thoſe who have hitherto wrote on the manner, in 
which powder takes fire, have ſuppoſed it to be done 
by regular degrees; the firſt om firing thoſe 
contiguous, and they the next ſucceſſively; and it 
has been generally thought, that a confiderable time 
was employed in theſe various communications: 
for Mr. Daniel Bernoulli, in his excellent Hydre- 
dynamica, has concluded from ſome experiments 
made at Peterſburgh, that the greateſt part of the 
charge eſcapes out of the piece unfired, and that the 
{mall part, which is fired, does not take fire till it 
is near the mouth. Many theories too have been 
compoſed on the time of the progreſs of the fire 


amongſt the grains, and the different modifications, 


which the force of powder did thence receive; and 
it has been generally conceived, that the proper 
lengths of pieces were deter minabſe from this prin- 
ciplez „That they ſhould be long enough to give 
* time for all the powder to fire.“ 

But the author being ſatisfied, that no ſuch regular 
and progreſſive ſteps could be obſerved in the ex- 
ploſion; and having found, that by toading with a 
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the bullet, being placed cloſe to the wad, lay with 


greater weight of bullet, and thereby almoſt doubling 
the time of the continuance of the powder in the 
barrel, its force received but an inconſiderable aug- 
mentation; and finding too, that doubling or trebling 
the uſual charge, the powder thus added always 
produced a correſpondent effect: in the velocity of 


the bullet; and diſcovering likewiſe in a piece near 


four feet in length, charged with a uſual charge 
of powder, that the velocity communicated to the 
bullet, during the firſt three inches of its motion, 
was full half the velocity, which it acquired in its 
whole paſſage through the barrel, and that the elaſti. 
city or force of the powder, in the firſt three inches 
of its expanſion, was, at a medium, near eight 
times greater than in the laſt two feet of the bar- 


rel; he concluded from all theſe circumſtances, that 


the time employed by the 'powder in taking fire 
was not neceſſary to be attended to in theſe com- 
putations; but that the whole maſs might be ſup- 
poſed to be kindled, before the bullet was ſenſibly 
moved from its place. | | 
And the experiments reported by the committee 
are the ſtrongeſt proofs, (as far as they extend) that 


powder is not fired in the progreſſive manner uſually 
ſuppoſed; for when the ſhort barrel was charged 


with 12 dwt, and with 6 dwt. reſpeCtively, the 


quantity of powder which was collected unfired from 


12 dwt. did not exceed by 3 grains, at a medium, 
what was collected from 6 dwt. although the bullet 
was a leſs time in paſſing through the barrel with 


12 dwt. than with 6 dwt. it having a leſs way to 


move; conſequently the quantity remaining unfired 


of the 6 dwt. did not continue unfired for want of 


time, ſince, when the piece was charged with 12 
dwt. the additional 6 dwt. was conſumed in a ſhorter 
time. h wt ks | 

And again, when the barrel was ſo ſhortened, that 


its 
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its outer ſurface nearly level with the mouth of the 
piece, ſo that it had not more than half an inch to 


move before the flame would have liberty to expand 
itſelf; yet, even in this ſhort tranſit of the bullet, 


only 2 dwt. 14 gr. was collected unfired, at a me- 


dium; which is about + of the whole charge, or, if 
properly reduced, not more than r of the charge: 
an obvious confutation of the gradual firing of the 
the powder in its paſſage through the barrel, and an 
eaſy proof, how ſmall an error will be occaſioned 
by ſuppoſing the whole charge to fire inſtantaneouſly; 
ſince the error in the velocity of the bullet, ariſing 
from a deficiency of n of the charge, is of that 


velocity only 


1 fay, that the 3 of the charge, which remained 
unfired, amounts to no more than r; when it is 
reduced, as it ought. This reduction is founded on 
the other experiments reported by the committee, 
and on the circumſtances of thoſe trials, on which 
the author founded the preſent poſtulate. The au- 
thor has ſuppoſed the powder, on which he reaſons 


in this treatiſe,” to be of the ſame ſort with that 


made for the ſervice of the government, a parcel 
of which he was favoured with by Mr. Walton. But 
this he chiefly kept for a ſtandard, and generally uſed 
other powders, which, on examination, he found to 
be of equal farce, Theſe powders were of a very 


| ſmall and even grain, and the committee have 


found, that by ſifting the government powder, and 
making uſe of the ſmaller grains; the quantity re- 
maining unfired was leſs, at a medium, 1n the ratio 
of 5; to 3, than when it was uſed without ſifting. 
And again, it was found by extracting the falt- 
petre from the powder collected unfired, that there 
was leſs ſaltpetre contained in it than in real powder, 
and this nearly in the ratio of 9 to 7: theſe two pro- 
portions compounded make the proportion of 15 to 
7, and in this proportion muſt the quantities of 2 
i . der 
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der collected unfired be reduced, in order to deter. 
mine the quantities of real powder remaining unfired, 
in ſimilar experiments made by the author. Wt 


And from hence it follows, that in the experi- 
ments made with a barrel 5+ inches in length, where 
the ball had not g eee —— ene the 
ir larity ariſing from the powder unfired t 
5 — — ſenſible; the quantity — 
powder collected unfired from a charge of 12 dut. 
would have been no more than 16 grains at a me- 
dium, or Vr of the whole charge: and it being 
found by experiment, that the velocities of bullets 
placed in the ſame fituation vary in the ſubduplicate 


proportion of the charges, the deficiency of velocity 
 artfingfrom the loſs of the Ar of the charge, would 

be about 4; of the whole velocity only, which, in 
the preſent caſe, is not i of an inch in the chord 


of the arch deſcribed by the pendulum meaſuring 
the velocity, and is a leſs difference, than what fre- 
quently occurs in the exacteſt repetition of the ſame 
experiments. | FR 
Other circumſtances occur, which reduce the in- 
equality ariſing from the unfired powder ſtill lower; 


but it is thought, that this is fully ſufficient to juſtify 


the poſtulate in queſtion, eſpecially as, in all caſes 


of real uſe, the length of the barrel in proportion 


to the quantity of the charge will be much greater 
than in the preſent inſtance : whence the author 


preſumes, that, in computing the velocities com- 


municated to bullets by the action of powder, it 
may be ſafely ſuppoſed, that the whole charge is 


fired before the bullet is ſenſibly moved from its 


place; at leaſt there is no foundation, from the ex- 
periments made on this ſubject by the committee, to 
ſuſpect, that when ſmall-grained powder is made uſe 


of, any greater irregularity will ariſe from the appli- 

cation of this ſuppofition, than what would otherwiſe 
| H place from the intervention of unavoidable acci- 
mts. 5 R 
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It has been thought neceſſary to diſcuſs more at 


large theſe two poſtulates; becauſe the laſt of them 
being almoſt in the very words of one of the queſtions 


propoſed to be examined by the committee of this 
SocieTY, and having by them been determined in 
the negative, thoſe who have not attended to this 
ſubject might ſuppoſe, that thereby the author's prin- 
ciples were intirely overturned: now this would be a 
great injuſtice to him, ſince he has not relied on this 

oſtulate as rigorouſly true; for he knew, and has 
himſelf taken notice in the preſent propoſition, that 
ſome of the powder eſcapes unfired; and he has there 
made ſome conjectures on the cauſe of it: but, with- 
out inſiſting on the reality of thoſe conjectures, he 
adds, that, Be that as it may, the truth of our 


4 poſition cannot in general be queſtioned.” 


And though it appears, from what has been already 
ſaid, that the experiments recited by the committee 
rather confirm than invalidate the general ſenſe of 
that poſtulate; yet it is but juſtice to own, that they 
are a full confutation of the conjectures of the author 
in relation to the cauſe, why ſome part of the pow- 
der comes out unfired; for the author has ſuppoſed, 
after Diego Ufaxo, that the part, which thus eſcaped, 
was ſcattered in the barrel, and not rammed up with 
the reſt, or elſe that it was of a leſs inflammable 
compoſition : but the experiments made on this oc- 
caſion intirely deſtroy this ſuppoſition. 1 

As this, or any other conjecture on the cauſe of 
this accident, (for it plainly appears not to be for 
want of time only) has nothing to do with the gene- 
ral reaſoning of the preſent treatiſe, it is not neceſſary 
to enter into it in this place; but it may not be im- 
proper to mention, that, on computing the quanti- 
ties of powder collected from different charges, one 
of the committee was led to conjecture, that, what 
was thus collected, was only parts of grains, that had 
been fired; but were extinguiſhed by the blaſt, * 

they 
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they were entirely conſumed. This conjecture is 
ſtrengthened by the extreme minuteneſs of the parti- 


cles of all the powder, which was collected, and 


from the deficiency of the ſaltpetre found in it on 
examination: it may be added too, that the author, 
by gradually heating a parcel of powder, hath ſet it 
on fire, and blown it out again, for at leaſt a dozen 


times ſucceſſively; and he will undertake to repeat 


the experiment at any time, if it ſhould be doubted 
of. 

The poſtulates, hitherto diſcuſſed, are preparatory 
to the 7th propolition. That propoſition is em- 
ployed in computing the velocity, which would be 
communicated to a bullet in a given piece by a given 


charge of powder, on the principles hitherto laid 


down; that is, ſuppoſing the elaſticity of fired pow- 
der to be at firſt 1000 times greater than that of com- 
mon air. 2 
In the 9th 8 theſe computations are com- 
pared with a great number of experiments, made in 


| barrels of various lengths, from ſeven inches to forty- 


five inches, and with different quantities of powder, 


trom 6 dwt. to 36; and the coincidence between the 


theory and theſe experiments is very ſingular, and 
ſuch as occurs in but few philoſophical ſubjects of ſo 


complicated a nature. 


By this agreement between the theory and the 
experiments, each part of the theory is ſeparately 
confirmed; for by fir ring different quantities of pow- 
der in the ſame piece, and in the ſame cavity, it ap- 
pears, that the velocities. of the bullet, thence ariſing, 
are extremely near the ſubduplicate proportion of. 
thoſe quantities of powder, and this independent of 
the length of the piece: whence it is confirmed, that 
the elaſticity of fired powder in various circu mſtances, 
is nearly as its denſity; and this does not only ſuc- 
ceed in ſmall quantities of powder, and in {mall 
8 but in the largeſt likewiſe, under proper re- 

ſtrictions; 
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ſtrictions; at leaſt there are experiments, which could 
not be influenced by this theory, where the quantities 
of powder were above 100 times greater, than what 
are uſed by this author; and in theſe trials this cir- 
cumſtance takes place to ſufficient exactneſs. 

It is preſumed then, that by this theory a near eſti- 
mate may be always made of the velocities commu- 
nicated to ſhe]ls or bullets by given charges of powW- 
der; at leaſt theſe experiments evince, how truly the 
velocities of ſmall bullets are hereby afligned; and 
the author can ſhew by the experiments of others, 
that in a ſhell of thirteen inches diameter, impelled 
by a full charge of powder, the ſame principle nearly 


holds: it is true indeed, that when the charge is 


much ſmaller than the uſual allotment of powder, 
there are ſome irregularities, which are particularly 
mentioned at the end of the th propoſition, to which 


head too, perhaps, muſt be referred the experiments 


made by the committee on the effect of different ſmall 
chambers; but in the cuſtomary charges, the velo- 
cities of bullets reſulting from all the experiments 
hitherto made, are really ſuch, as the theory laid down 


In the preceding part of this treatiſe requires. And 


it appears, that theſe velocities are much greater, than 
what they have been hitherto accounted : And there 
are reaſons from the theory to believe, that in can- 
non-ſhot the velocities may ſtill exceed the preſent 
computation. ” 

The aſcertaining the force of powder, and thence 
the velocities of bullets impelled by its exploſion, 
and the aſſigning a method of truly determining their 
actual velocities from experiments, are points, from 
whence every neceſſary principle in the formation or 
management of artillery may be eaſily deduced: 
conſidering, therefore, the infinite import of a well- 
ordered artillery to every ſtate, the author flatters 
himſelf, that whatever judgment may be formed of 
his ſucceſs in theſe inquiries, he will not be denied 

e 1 | the 


— 


Z 
the merit of having employed his thoughts and in. 
duſtry on a ſubject, which, though of a moſt ſcien- 
tific nature, and of the greateſt conſequence to the 
public, hath been hitherto almaſt totally neglected; 
or, at leaſt, fo ſuperficially conſidered, as to be left 
in a much more imperfect ſtate than many other 
philoſophical reſearches. ES 
With regard to the ſecond chapter of this treatiſe, 
relating to the reſiſtance of the air, the author has in 
his pretace mentioned his intention of annexing to it 
a ſeries of experiments, on the real track of bullets, 
as modulated by that reſiſtance: And therefore, as 
he propoſes to complete thoſe experiments this ſum- 
mer, unleſs unforeſeen accidents prevent him; he 
chuſes to poſtpone any account of the ſubje of the 
ſecond chapter till that time; when he intends to lay 
the reſult of thoſe experiments before this SocikEx, 
in order that any exceptions or difficulties relating to 
them, may be examined and diſcuſſed, before they are 
publiſhed to the world. 5 5 


* According t0 what Mr. Robins has ſaid above, 
he compoſed the frue following trafs, which are now 
firſt printed from his manuſcript. | | 
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OF THE 


RESISTANCE of the AIR. 


HAT all bodies moving through the 
air have their motions in ſome degree 
impeded by the reſiſtance of that me- 
dium, is what, I preſume, no perſon 
however ſlightly acquainted with philoſophical en- 
quiries will deny. But that the quantity of this 
retardation is ſo great, as to render it neceſlary to be 
conſidered in the determination of the ranges of all 
kinds of military projectiles, hath been often and 
vehemently denied. And this not ſo much by prac- 
titioners (whoſe opinions, though extremely inaccu- 
rate, have perhaps on this occaſion been too much 
lighted) as by perſons well ſkilled in mathematical 
learning, who have written profeſſedly of the motions 
of projectiles, and whoſe treatiſes on this ſubject are 
generally eſteemed and aſſented to. For, if it were 
neceſſary, a large catalogue of geometers of note 
might be here produced, who have aſſerted in their 
works, that, in the operation of gunnery, the reſiſt- 
ance of the air was too minute to merit attention. 
And 1 do not remember, that any author has * 
; ally 
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ally or expreſsly contradicted this poſition ; whatever 
may in 0a be concluded, from what fome of 
them have at times advanced as to the laws obſerved 
by reſiſted bodies. Indeed (not to dwell longer on 
this point) I may venture to affirm, that it is now 
the almoſt univerſal opinion of thoſe, who have 
ſtudied the doctrine of projectiles from the treatiſes, 
which have hitherto been publiſhed thereon : That 
< all ſhells and bullets in their flight do nearly de- 
<< ſcribe the curve of a parabola; and conſequently, 
* that the reſiſtance of the air to the motion of theſe 
bodies is altogether inconſiderable.” 

The prejudices, then, of many perſons, whoſe 
reputations for knowledge weigh much with man- 
kind, being thus contradiftory to what 1 know to 
be fact, both from reiterated experiments of my 
own, and from geometrical deductions founded on 


the unqueſtioned experiments of others; it is highly 


neceſſary to remove, in the moſt unexceptionable 


manner, theſe falſe poſitions, authorized by great 


names, and confirmed by the preſcription of near an 
age. For, till this is done, all attempts to complear 
the theory and practice of gunnery muſt neceſſarily 


be ineffectual : ſince, as I am fully ſatisfied, that the 


reſiſtance of the air is almoſt the only ſource of the 
numerous difficulties, which have hitherto embar- 
raſſed that ſcience ; it is evident, that till the reality 
and efficacy of this reſiſtance is once eſtabliſhed, it 


will be impoſſible to procure a candid hearing to any . 


diſcoveries, that may depend thereon, but, on the 


contrary, every ſpeculation of this kind will be treated 


as ridiculous and chimerical. FER 
To ſucceed then, in this neceſſary preliminary, I 

ſhall advance the two following propoſitions. 
Firſt, That the reſiſtance of the air to a twelve 

pound iron bullet, moving with a velocity of 26 

feet in a ſecond, is not lets than half an ounce avoir- 

dupoize. | | p 

„ ; Second, 
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Second, That this reſiſtance is nearly in the dupli- 


cate proportion of the velocity of the reſiſted body; 


that is, that it is four times as much, when the re- 
ſiſted body moves with twice the velocity; nine times 
as much, when it moves with three times the velo- 
city, and fo on. | 

Theſe propoſitions may be deduced from the ex- 
periments recited in the 8th ſection of the 2d book 
of Sir Jaac Newton's Principia. But to remove all 
doubt about them, and to prevent. all future ex- 
ceptions; I do not chuſe to rely upon any authority 
whatever, but I propoſe to repeat to this ſociety 
ſome experiments of my own, which will evince the 
truth of them by obvious and ocular demonſtrations. 

Indeed, with reſpect to the ſecond of theſe pro- 
poſitions, it is true, that in great changes of velocity 
there is ſome variation from the rule here laid down 
but this is a variation, that will on the whole increaſe, 
and not diminiſh the reſiſtance. - And it is to be 
remembered, that I am not now nicely aſſignin 
the laws obſerved by this reſiſtance in the moſt ad 
and accurate ſenſe; but am endeavouring, from a 


more lax and general idea of its efficacy, to evince 


the neceſlity of ics being conſidered in the future 


theory of projectiles. 


As I have often repeated the experiments, which 
I immediately intended to produce to the ſociety in 
pooh of theſe propoſitions, I have no doubt of their 
ucceſs; I ſhall therefore for an inſtant ſuppoſe, that 
they have ſucceeded, and that the law of the air's 
reſiſtance and its efforts againſt a 12 lb. ſhot, moving 
with a velocity of 25 feet in a ſecond, is thereby 
determined to be, what I have above aſſigned; and 
from hence it will follow, that to a velocity of 100 


feet in a ſecond (that is 4 times 25) the reſiſtance of 


the air to the ſame ſhot is not leſs than 16 half ounces, 


or half a pound avoirdupoize, and, proceeding on, 
we ſhall find, that to a velocity of 500 feet in a 


Vol. I. M 8 ſecond 
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fecond, it is not leſs than 121b. 2; and to a velocit 
of 1000 feet in a ſecond, not leſs than ;01b. and 


to a velocity of 1700 feet in a ſecond, not lefs than 
1441b. +: and this laſt velocity of 1700 feet in a 


ſecond not being very diſtant from that, with which 


a twelye pound ſhot is diſcharged from a cannon, 
and the number 1441b. + being very near 12 times 
12; it follows, that the reſiſtance of the air to a 
121b. ſhort, when fired with its uſual charge of 
ere is not leſs than 12 times its own weight. 
Now that the motion of this body can be rightly 
aſſigned from the conſideration of its gravity and 
original velocity only, whilſt a diſturbing force, not 
leſs than 12 times its gravity, is utterly neglected, is 
a poſition fo obviouſly abſurd, that F flatter myſelf, 
when the experiments, which I am now going to 
repeat“, are attentively weighed, the reality and 
efficacy of the air's reſiſtance will be no longer 
doubted; nor the neceſſity of conſidering it in almoſt 
all the operations of gunnery, any longer conteſted. 
And theſe points being once eſtabliſhed, I propoſe, 
in ſome future papers, to recount the changes which 
will hence ariſe in the motions of ſhells and bullets. 
And to exhibit a method of computation adapted to 


the real circumſtances of projectiles reſiſted by the 
air, which, though truly 'reprefenting the actual. 


motions of theſe bodies, is yet, in many inſtances, 
as eaſy and as conciſe as the erroneous computations 


founded on the parabolic hypotheſis. 


* The experiments exhibited upon this occaſion are hereafter 
deſcribed in the firſt part of the third paper. 
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| OF THE 
RESISTANCE of the Air; 
Together with the method of computing 
the motions of bodies projected in that 
medium. 5 


F! have not yet heard, that any ob- 


-  F 


Jections have been made to the con- 
N cluſiveneſs of the experiments by which 
Aj 1 endeavoured, at the laſt meeting of 
the fociety, to evince the extraordinary 
effort of the air's reſiſtance againſt ſhells and bullets 
diſcharged with their uſual celerities; I ſhould hope, 
that, what J have aſſerted on that head in my laſt 


paper, may be allowed to be demonſtrated: and that 


may now proceed to the examination of the effects 
of this reſiſtance, without being accuſed of employing 
my ſpeculations on a power, that had no exiſtence. 


After the experiments I have ſhewn to this ſociety, 


it may, perhaps, appear ſtrange, that the perſuaſion 


of the minuteneſs of the air's refiftance could fo long 


take place, when the means of confuting this per- 
ſuaſion lay ſo near at hand; and were in a great 


meaſure to be deduced from the common laws of 


reſiſtance, long ſince eſtabliſhed. The moſt natural 
reaſon, I can think of, for this want of attention, 


was the impoſlibility of computing the motions of 
projectiles on the ſuppoſition of a ſenſible reſiſtance. 
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It is well known, that the motion of a body projected 
in any angle with the horizon, and reſiſted in the 
duplicate r of its velocity, was not conſi. 
dered by Sir 1ſaac Newton in his Principia. It is true, 
Mr. Jobn Bernoulli did ſome years ſince determine, 
how by the quadrature of certain curves this motion 
might be aſſigned. But thoſe, who are acquainted 


with his ſolution, well know, that thoſe curves are 


not reducible to the common terms of quadratures; 
and, conſequently, that no computation can be 
founded thereon; at leaſt nothing of that kind has 
yet been publiſhed *®. Now whilſt the deſcription 
of the real track deſcribed by a projectile continued 
thus impraCticable, a mathematician might perhaps 
have thought it beneath him to have aſſerted; that 
the reſiſtance of the air produced great changes in 


the motion of projected bodies, without having it in 


his power to aſſign the quantity of thoſe changes. 
But as I have, for ſome time paſt, made many 
experiments myſelf on the ranges of bullets, and 
have collected all that I could meet with made by 
ocher perſons; it was neceſſary, in order to examine 
the ſeveral hypotheſes of reſiſtance, which ſome of 
_ theſe experiments ſuggeſted, that I ſhould be enabled 


to compute the motions of reſiſted bodies, not only 
when they were reſiſted in the duplicate proportion 


of their velocity; but likewiſe when the law of re- 
ſiſtance was varied by other rules not hitherto ſup- 


The learned commentators u pon Sir 1/aac Newton's Princi- 


pia, in their comment printed at Genewa in the year 1740, avow 


this truth; for, having given Bernoulli ſolution of this problem, 


and diſcuſſed it at large, they add Ex quibus manifeſium fit 


« vere trajeftorie deſcriptionem ades perplexam efſe, ut ex illa wix 
10 qxidguam ad uſus pbilgſopbicos aut mechanicos accommodatum poſfit 
% deduci. That is, The deſcription of the curve, in which 
44 a projectile moves, is fo very perplexed, that it can be ſcarcely 
« expected, any deduction ſhould be thence made, which may 
« be adapted either to philoſophical or mechanical purpoſes.” 
Vide vol. 2. p. 118: | : 


5 


poſed. 
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oſed by any writer. And, in theſe inveſtigations, 
had the good fortune to diſcover ſome compendious 

approximations, which were as accurate, as the na- 


ture of the ſubject required, and were as eaſy in 


their application, as I could well hope for in ſo per- 


plexed and intricate a matter; and though many of 


theſe methods appear now to be uſeleſs, as 1 have 
found ſeveral of the laws of reſiſtance, which they 
were fitted to examine, to be fictitious : yet, as ſome 
of theſe compendiums are applicable to the real mo- 
tions of projected bodies, I ſhall inſert ſuch of them, 
as from their general form are the ſooneſt deſcribed 
and the eaſieſt to be remembered, and which are 
ſufficient for computing the motions of ſhells and 
bullets in every practical operation of gunnery. But 
firſt it is neceſſary to examine, what 1s the real law 
of reſiſtance of bodies moving through the air, 

I have already mentioned, that in very great 
changes of velocity, the reſiſtance does not accurately 
follow the duplicate proportion of the velocity. But 


how much this variation amounts to, and how it is 


adapted to the different velocities of the reſiſted body; 
it is not eaſy nicely to aſcertain. However, by com- 
paring together a great number of experiments; I 
am of opinion, that till, a more accurate theory of 
theſe changes is compleated, the two following poli- 


tions may be aſſumed without any remarkable error. 


Firſt, That till the velocity of the projectile ſur- 
ſſes that of 1 100 feet in a ſecond, the reſiſtance may 
eſteemed to be in the duplicate proportion of the 
velocity; and its mean quantity may be taken to be 
nearly the fame with that, I have aſſigned in the for- 

mer paper. e „ 
Second, That if the velocity be greater than that 
of 11 or 1200 feet in a ſecond, then the abſolute 
quantity of that reſiſtance in theſe greater velocities 
will be near three times as great, as it ſhould be by 
My a com- 
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a comparifon with .the. ſmaller velocities *. For in- 
ftance, the reſiſtance of a 12 pound ſhot, moving 
with a velocity of 1700 feet in a ſecond; inftead of 
144 Ib. 2, which I have aſſigned it in a former paper, 
will be now three times that quantity, or 433 lb. T. 

Hence then it appears, that, if a projectile begins 
to move with a velocity leſs than that of 1100 feet 
in 1/5 its whole motion may be ſuppoſed to be con- 
ſidered on the hypotheſis of a reſiſtance in the dupli- 
cate ratio of the velocity. And, if it begins to move 
with a velocity greater than this laſt mentioned, yet 
if the firſt part of its motion, till its velocity be re- 
duced to near 1 too feet in 1“, be conſidered ſepa- 
rately from the remaining part, in which the velocity 
is leſs than 1100 feet in 17; it is evident, that both 
parts may be truly aſſigned on the ſame hypotheſis, 
only the abfolute quantity of the reſiſtance is three, 
times greater-in the firſt part than in the laſt. Where- 
fore if che motion of a projectile on the hypotheſis, 
of a refiſtance in the duplicate ratio of the velocity 
be truly and generally aſſigned, the actual motions. 
of reſiſted bodies may be thereby determined, not- 
withſtanding; the increaſed. reſiſtances in the great 


*. A; I have forbore to mix any hypotheſis with the plain, 


matters of fact deduced from experiment, I did not therefore 
animadvert on this remarkable circumſtance, that the velocity, at. 
which the moving body ſhifts its refiſtance, is nearly the ſame, 
with which ſound is propagated through the air. Indeed, if the 
treble reſiſtance in the greater velocities is owing te a-vacuum 
being left behind the reſiſted body, it is not unreaſonable to ſup- 
poſe, that the celerity of found. is the very leaſt degree of ce- 
lerity, with which a projectile can form this vacuum, and can in 
ſome ſort avoid the preſſure of the atmoſphere on its hinder 
parts. It may perhaps confirm this eonjecture to obſerve, that, 
if a bullet, moving with the celerity of ſound, does really leave 
4 vacuum behind it, the preſſure of the atmoſphere on its fore 
part is a force about three times as great as its reſiſtance, com- 
puted by the laws obſerved in ſlow motions. But the exact 
manner, in which the greater and leffer reſiſtances ſhift into each 

other, mutt be the ſubject of farther experimental enquiries. 
- velocities. 


paper hereafter inſerted. 
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velocities. And, to avoid the diviſion of the motion 
into two, ſhall hereafter ſhew how to compute the 


from the common theory of projectiles * : or, more 


The method of computing the potential random from the 
known velocity of the projectile is thus. Find out by the theory 
of falling bodies, what height the projectile muſt fall from to 
acquire che given velocity, then twice this height is the potential 
random ſought. | | + TIO ts; k 
| EXAMPLE. 


Let the given velocity of the projectile be that of 1000 feet 
in 1”; then, fince it is known, that a heavy body in falling 16 
feet 1 inch, acquires a velocity of 32 feet 2 inches in 1”, and 
the ſpaces fell through are in a duplicate proportion of the velo- 
cities acquired by the fall; it follows, that the deſcent for ac- 

oo 


quiring a velocity of 1000 feet in a ſecond is _ ——15 544 


: WES 7. r 
feet, which, doubled, gives 31088 feet or 10363 yards for the 
potential random ſought. And, in the ſame manner, if the 
potential random be given, the velocity of the projectile may 
be found. For the number of feet, or half the potential random, 
multiplied by 644, and the ſquare root of the product extracted, 
that root will expreſs the feet the projectile moves in a ſecond. 
However, ſhorter methods of ſolving theſe caſes, and what are 
ſufficiently exact for our purpoſe, will be explained in the-qth 


M 4 generally, 
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generally, if either its original velocity, its potential 
random, or its potential range, at a given angle are 
known, the other two are eaſily found out. 
To facilitate the computation of reſiſted bodies it 
is neceſſary, in the conſideration of each reſiſted body, 
to aſſign a certain quantity, which 1 ſhall denominate 
F, adapted to the reſiſtance of that particular pro- 
jectile. To find this quantity F to any projectile 
given, we may proceed thus; firſt find, from the 
principles delivered in the former paper, with what 
velocity the projectile muſt move, ſo that its reſiſt- 
ance may be equal to its gravity. Then the height, 
from whence a body muſt deſcend in a vacuum to 


acquire this velocity, is the magnitude of F ſought... 


But the conciſeſt way of finding this quantity F 
to any ſnell or bullet is this: if it be of ſolid iron, 
multiply its diameter meaſured in inches by 200, 
the product will be the magnitude of F expreſſed in 
yards. If, inſtead of a eli iron bullet, it is a 
ſnell or a bullet of ſome other ſubſtance; then, as 
the ſpecific gravity of iron is to the ſpecific gravity 
of the ſhell or bullet given, ſo is the F correſponding 
to an iron bullet of the ſame diameter, to the proper 


F for the ſhell or bullet given. The quantity F 
being thus aſſigned, the neceſſary computations of 


theſe reſiſted motions may be diſpatched by the three 


foilowingpropolitions, always remembering that theſe 


propoſitions proceed on the hypotheſis of the reſiſt- 

_ ance being in the duplicate proportion of the velocity 
of the reſiſted body. How to apply this principle, 
when the velocity is ſo great, as to have its reſiſtance 


augmented beyond this. rate, ſhall be ſhewn in a 


corollary to be annexed to the firſt propoſition. 


„ -L 


Given the actual range of a given ſhell or bullet 
at any inal angle not exceeding 8* or 10?, to deter- 
ele | | mine 
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mine its potential range, and conſequently 1 its poten- 
cial random and original velocity. 


SOLUTION. 


Let the actual range given be divided by the F 
correſponding to the given projectile, and find the 
quote in the firſt column, of the annexed table. Then 


the correſponding number in the ſecond column mul- 


tiplied into F, will be the potential range ſought; 
and thence, by the methods already explained, the 
potential random, and the original velocity of the 
projectile is * 


Actual 


>: 
$9 


PAce Correfpond- } | Ace | Corretpona- 
ranges ing potential | | ranges fing potential 
| expreſſ- ranges ex- expreſſ- | ranges ex- 
ed in F. ; preſſed in F. ed in F. preſſed in F. 
| ©, ol % „% nei, 251% 2556 
©, O02 „ 55 2, 7890 [3,3 |r3, 8258 | 
0, 04 15 6 5 9413 3,3514, 4195 
, 06 r, 65 3, 09943, 4 [15,0377 
o, 08 1, 7 | 3, 26353, 4513, 6814 
o, 1 1, 25 3,4338003, 16, 3517 
| ©, 12 , 8 | 3, 6107113, 55/77, 0497 | 
0, 14 r, 85 3, 79443, 1%, 7758 
O, 15 1,9 3,9853, 65/78, 8341 
o, 2 1, 95] 413331|3, 7 19,3229 
o, 25 2 4, 3890] 3, 75 20, 1446 | 
Os 3 2, O5 4, 6028|| 3, 8 |21, 0006 
o, 35 2,1 | 4, 82493. 8521, 8925 
O,. 4 2, 15] 5,055 || 3,9 |22, 8218 
O, 45 2, 2 522955329523, 7901 
5 2,25] 5, 5440114, 0 24, 7991 
0,55 2, 3 | 5» 80364, 0823, 8506 
| ©, 6 2, 35| 6,0728]|4, 1 |26, 9465 
o, 65 2, 4 | 6, 3526]}4, 15 28, 0887 
O, 7 2, 45 6, 6435 4,2 [29,2792 
O, 75 2,5 | 6, 94604, 2530, 5202 
O, 8 2, 55] 7, 26054, 3 [31, 8138 
| ©, 35 6 7,5875 4. 3533, 1625 
{0,9 65] 7, 9270 4, 4 |34, 5686 
| 0,95 7 8, 28134, 45] 36, 0346 
1,0 75] 8, 649204, | 37, 5632 
1,05 S | 9,0319||4» 55] 39, 1571 
3 9, 43004, © 40, 8193 
115 * 9, 8442 4, 05] 42, 5527 
tx, 2 1, $669 10,2752|| 4,7 | 44, 3605 
E Fg. 10,7237||4, 7546, 2460 
1173 11, 19044, 8 [48,2127 
1 11, 67614, 85] 50,2641 | 
4 12 12, 18 164, 9 |52, 4040 
34 7 90-9 {43 95] 54s 6363 
8 27787 [56, 9653 
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An eighteen pounder, the diameter of whoſe ſhot 


is about 3 inches, when loaded with 21b. of powder 


ranged at an elevation of 3* 3o” to the diſtance of 
975 yards. „„ 4 elt. 

The F correſponding to this bullet is 1500 yards, 
and the quote of the actual range by this number is 
65, correſponding to which in the ſecond column is 
„817, whence , 8 17 F, or 1225 yards, is the potential 
range ſought, and this augmented in the ratio of the 
ſine of twice the angle of elevation to the radius, 
gives 10050 yards for the potential random; whence 
it will be found, that the velocity of this projectile 
was that of 984 feet in a ſecond. Re beer 

„ORO LI. ART xt: 

If the converſe of this propoſition be deſired; that 

is, if the potential range in a ſmall angle be given, 


and thence the actual range be fought; this may be 


ſolved with the ſame facility by the ſame table. For 


if the given potential range be divided by its corre- 
ſpondent F, then, oppoſite to the quote ſought in 
the ſecond column, there will be found in the firſt 
column a number, which multiplied into F will give 


the actual range required. And from hence it fol- 
lows, that, if the actual range be given at one angle, 
it may be found at every other angle not exceeding 
8 or 10. 9 

COROLLARY: 34. 

If the actual range at a given ſmall angle be given, 
and another actual range be given, to which the angle 
is ſought; this will be determined by finding the 
potential ranges correſponding to the two given 
actual ranges; then the angle correſponding to one 
of theſe potential ranges being known, the angle 

| Corre- 
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correſponding to the other will be found by the 


common theory of projectiles. 


COROLLARY. 2d. | 

If the potential random deduced from the actual 
range by this propoſition exceeds 13000 yards; then 
the original velocity of the projectile was ſo great as 
to be affected by the treble reſiſtance deſcribed above; 
and conſequently the real potential random will be 
greater, than what is here determined. However, 
in this caſe the true potential random may be thus 


nearly aſſigned. Take a 4th continued proportional 


to 13000 yards, and the potential random found b 
this propoſition, and the 4th proportional thus found, 


may be aſſumed for the true potential random ſought. 


In like manner, when the true potential random is 
given greater than 13000 yards, we muſt take two 
mean proportionals between 13000 and this ran- 
dom“: and the firſt of theſe mean proportionals muſt 


be aſſumed inſtead of the random given, in every 


operation deſcribed in theſe propoſitions and their 
corollaries. And this method will nearly allow for 
the encreaſed reſiſtance in large velocities, the differ. 
ence only amounting to a few minutes in the angle of 
direction of the projected body, which, provided that 


angle exceeds two or three degrees, is uſually ſcarce 


worth attending to. 


Of this proceſs take the following example. 
A twenty - four pounder fired with twelve pounds 
of powder, when elevated at 7* 157, ranged about 
2500 yards; here the F being near 1700 yards, the 


quote to be fought in the firſt column is 147, to 


which the number correſponding in the ſecond co- 


lt may perhaps be unneceſſary to obſerve, that the operations 
directed in this corollary are beſt performed by the table of loga- 
rithm . | 18 | - 
lumn 
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the laſt propoſition, and the reſult will be the poten- 
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jumn is 2,556; whence the potential range is near 


4350 yards, and the potential random thence reſult- 


ing 17402; but this being more than 13000, we 


muſt, to get the true potential random, take a 4th 
continued proportional to 13000 and 17400, and 
this 4th proportional, which is about 31000 yards, 


is to be eſteemed the true potential random ſought; 
whence the velocity is nearly that of 1730 feet in a 
ſecond. | „ 
F | 
_ "This propoſition is confined to ſmall angles, not 
exceeding $? or 10%, for reaſons, which will be ſeen 


hereafter z when I give the demonſtration of this and 


the enſuing problems. A ſubject, which being purely 
geometrical, I chuſe to diſcuſs in a ſmall tract by it- 
ſelf. In all poſſible caſes of practice, this approxi- 
mation, thus limited, will not differ from the moſt 


| rigorous ſolution by ſo much, as what will often 


intervene from the variation of the denſity of the 
atmoſphere in a few hours time; ſo that the errors 
of the approximation are much ſhort of other in- 


_ evitable errors, which ariſe from the nature of this 


ſubject. | 
PROP. II. 


Given the actual range of a given ſhe]l or bullet, 
at any angle not exceeding 45*, to determine its 
potential range at the ſame angle; and thence its 
potential random and original velocity. 


SOLUTION: 


Diminiſh the F correſponding to the ſhell or buller 
given in the proportion of the radius to the coſine 


of + of the angle of elevation, Then, by means of 
the preceding table, operate with this reduced F in 


the ſame manner as is preſcribed in the ſolution of 


tial 


ws TRACT $- 


tial range ſought; whence the potential random, and 


the original velocity, are eaſily determined. 


i, 


A mortar for ſea-ſervice,” charged with golb. of 


powder, has ſometimes rhrown its ſhell of 124 inches 


diameter, and of 231 lb. weight, to the diſtance of 
2 miles or 3450 yards. This at an elevation of 435. 

The F to this ſhell, if it were ſolid, is 3825 yards; 
but as the ſhell is only + of a ſolid globe, the true 
F is no more than 3060 yards. This, diminiſhed 
in the ratio of the radius to the coſine of 4 of the 
angle of elevation, becomes 2344. The quote of the 


potential range by this diminiſhed F is 1,384, which 


fought in the firſt column of the preceding table 
gives 2,280 for the correſponding number in the 
e 


cond column; and this multiplied into the reduced 


F produces 5800 yards for the potential range ſought, 

which, as the angle of elevation was 437, is alſo the 

potential random: and hence the original velocity of 

= ſhell appears to be that of about 748 feet in a 
cond. 5 | | 


__ COROLLARY. 
The converſe of this propoſition, that is, the de- 


termination of the actual range from the potential 
range given, is eaſily deduced from hence by means 


of the quote of the potential range divided by the 


reduced F; for this quote ſearched out in the ſecond 
column will give a correſponding number in the firſt 
column, which multiplied into the reduced F, will 
be the actual range ſought. 


Allo, if the potential random of a projectile be 


given, or its actual range at a given angle of eleva- 


tion; its actual range at any other angle of elevation, 
not greater than 4.5%, may hence be Known. For the 


potential random will aſſign the potential range at 
We „ 5 
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any given angle, and thence, by the method of this 
corollary, the actual range may be found. 


EXAMPLE. 


A fit muſquet bullet fired from a piece of the 
ſtandard dimenſions, with + of its weight in good 
powder, acquires a velocity of near goo feet in a 
ſecond; that is, it has a potential random of near 
$400 yards. If now the actual range of this bulleg 
at 15% was ſought, we muſt proced thus. | 

From the given potential random it follows, 
that the potential range at 15* is 4200 yards, the 
diameter of the bullet is Z of an inch, and thence, 
as it is of lead, its proper F is 337,5 yards, which, 
reduced in the ratio of the radius to the coſine of + 
of 15%, becomes 331 yards. The quote of 4200 


by this number is 12,7 nearly, which, being ſought 


in the ſecond column, gives 3,2 nearly for the cor- 
reſponding number in the firſt column; and this 
multiplied into 331 yards (the reduced F) makes 


1059 yards fct the actual range ſought. 


EXAMPLE II. 


The ſame bullet, fired with its whole weight in 
powder, acquires a velocity of about 2100 feet in 
a ſecond, to which there correſponds a potential ran- 
dom of about 45700 yards. Bur this number greatly 
exceeding 1 3000 yards, it muſt be reduced by the 
method deſcribed in the third corollary of the firſt 
propoſition, when it becomes 19700 yards. If now 


the actual range of this bullet at 15* was required, 


we ſhall from hence find, that the potential range at 


15 is 9850 yards, which, divided by the reduced F 
of the laſt example, gives for a quote 2975; and 
thence' following the ſteps preſcribed above, the 


actual range of this bullet comes out 1396 yards, 
exceeding the former range by no more than 337 
12381] vards 3 
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yards; whereas the difference between the two po- 
tential ranges is above ten miles. Of ſuch prodi- 
gious efficacy is the reſiſtance of the air, which hath 
been hitherto treated as too inſignificant a power to 
be attended to in laying down the theory of pro- 

jectiles. „ 5 35 
SS HO TL. TUM: 

The demonſtration of the methods, I have hitherto 
explained for computing - the motions of reſiſted 
bodies, I propoſe to refer to the geometrical part; 
where the principles and limits of theſe approxima. 
tions will be diſcuſſed. But I muſt here obſerve, 
that as the denſity of the atmoſphere perpetually 
varies, encreaſing and diminiſhing often by ++ part, 
and ſometimes more, in a few hours; for that reaſon 
] have not been over rigorous in forming theſe rules, 
but have conſidered them as ſufficiently exact, when 
the errors of the approximation do not exceed the 
inequalities, which would take place by a change of 


+ part in the denſity of the atmoſphere. With this 


reſtriction, the rules of this propoſition may be ſafely 
applied in all poſſible caſes of practice. That is to 
ſay, they will exhibit the true motions of all kinds 
of ſhells, and cannon-ſhot, as far as 45* of elevation, 
and of all muſket-bullets fired with their largeſt 
cuſtomary charges, if not elevated more than 30“. 
Indeed, if experiments are made with extraordinary 
quantities of powder, producing potential randoms 

reatly ſurpaſſing the uſual rate; then in large angles 
3 farther modifications may be neceſſary. And 


though, as theſe caſes are beyond the limits of all 


practice, it may be thought unneceſſary to conſider 
them; yet, to enable thoſe, who are ſo diſpoſed to 
examine theſe uncommon caſes; I ſhall here inſert a 
propoſition, which will determine the actual motion 


of a projectile at 45%, how enormous ſoever its ori- 
ginal velocity may be. But as this propoſition will 
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rather relate to ſpeculative than practical caſes, 
inſtead of ſuppoſing the actual range known, thence 


to aſſign the potential random: 1 ſhall now ſuppoſe 
the potential random given, and the actual range 


to be thence inveſtigated. 


ROF. 
Given the potential random of a given ſhell or 
bullet to determine its actual range at 43“. 


SOLUTEFEON. 


Divide the given potential random by the F corre- 
ſponding to the ſhell or bullet given, and call the 
quotient q, and let F be the difference between the 
tabular logarithms of 25 and of q, the logarichm of 
10 being ſuppoſed unity; then the actual range 


fughtis 3,4 F 21F — F, where, the double 
ſine of 21F is to be thus underſtood ; that if q 


be leſs than 25, it muſt be — 2lF; if it be 


greater, then it muſt be ＋ 21F. In this ſolution 
q may be any number not leſs than 3, nor more 
than 2500, | „ | 


"COROLLARY 


Computing in the manner here laid down, we. 
ſhall find the relation between the potential ran- 
doms, and the actual range at 45, within the limits 
of this propoſition, to be as expreſſed in the follow- 
ing table. | | 
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Potential Random.  Aual Range at 45. 
3 — — 1,5 F 
6 F — — 2,1 F 
IF — — 28,6 F 
20 F — — — 3.2 F 
oF — — 3'6 F 
40 F — — — 3,8 F 
5 — ——— 4,oF 
I00F —— — — 4,6F 
20 — . — 86,1 
500 F —̃ͤäͤ — — 5,8 F 
1000 F — —— 6,4 F 
2500 F — — 17.0F 


Whence it appears, that, when the potential ran- 
dom is encreaſed from 3F to 2500F, the actual 
range is only encreafed from 14 F to 7 F, fo that 
an increaſe of 2497 F in the potential random pro- 
duces no greater an increaſe in the actual range 
than 5 F, which is not its 43+ part; and this will 
again be greatly diminiſhed on account of the en- 
creaſed reliſtance, which takes place in great ve- 
locities. So extraordinary are the effects of this 
reſiſtance, which we have been hitherto taught to 
regard as inconſiderable. | 

That the juſtneſs of the approximations laid 
down in the 2d and 3d propoſitions may be eaſier 
examined; I ſha!l conclude theſe computations by 


inferting a table of the actual ranges at 45? of a 


projectile, which 1s reſiſted in the duplicate propor- 
tion of its velocity. This table is computed by 


methods different from thoſe hitherto deſcribed, and 


is ſufficiently exact to ſerve as a ſtandard, with which 
the reſult of our other rules may be compared. And 
ſince whatever errors occur in the application of the 

preceding propoſitions, they will be moſt ſenſible 
at 45* of elevation. It follows, that hereby the 
utmoſt limits of thoſe errors may be aſſigned. 
EL 2 Potential 
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Potential Randons. Actual Range at 45%, 


„1 F - „0963 F 
525 F OSS . 8 „2282 F 
55 F — — „4203 F 
573 F — SO „5868 F 
1,0 F — — » 7323 F 
1522357˙7) — — — 5860 F 
1,5 F — — 5978 F 
1,75 F” — — — 15,083 F 
20 F — — 1,179 F 
255 F — — — 1,349 F 
350 F — — — 1,495 F 

3,53 mm— — — O24 "E 
450 Fr — — ʒ w 1,738 F 
45 F — — — 1,40 F 
856 —— — 
3,58 œ — — — 2,01; F 
60 F — — 25097 F 
65 F — — — 2,169 F 
750 F — — 2,237 F 
7,5 F — — — 2,300 F 
8,0 F — — 2.359 F 
85 F — — — 2,414 F 
90 F — — 2,467 F 
9.5 F — — — 2,511 F 
10, F — — 2,564 F 
11,50 F — — — 2,641 F 
13,0 F — — 2,3804 F 
15,0 F — — — 2,937 F 
20,0 FE — 3,196 F 
250 F —— — — 3,396 F 
30, F ——— ——— 3557 E 
40,0 F —— —— —— 3.809 F 
50,0 F' mm — 23,998 F 


| Thus I have diſpatched all, I thought neceſſary 


of the actual motions of ſhells and bullets, It might 
: | N 2 no 
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now perhaps be expected, that I ſhould exemplify 


theſe rules by applying them to the examination 
of a number of experiments made with various 


kinds of artillery at different angles. But beſides - 


the doctrine of the air's reſiſtance, to which this paper 
hath been hitherto confined ; the theory, which I 
have undertaken to eſtabliſh, conſiſts of another 
branch not leſs important: I mean the conſideration 
of the action of fired powder, and the aſſigning 
from theace the velocity and potential random of a 
given bullet impelled by a given charge. As there- 
fore the experiments, I ſhall hereafter produce, are 
adapted to the confirmation of both branches of 
the theory; the diſcuſſion of them muſt be of courſe 
poſtponed, till the doctrine of the action of powder 
be explained. And that 1s too copious a ſubject to 
be confined within the limits of this paper  elpe- 
cially too as it is extremely neceſſary, before any 
other ſteps are taken on the prefent ſubject, to ex- 
plain diſtinctly - the irregularities, which frequently 
occur in the flight of projectiles, and which divert 
them ſo wonderfully from their aſſigned track. 
This though hitherto unobſcrved is a matter of very 
great import in the theory of the motions of mili- 
tary projectiles. And I ſhall here endeavour to 
diſcuſs it with as much conciſeneſs as I can. 

Almoſt every. projectile, beſides the forces we 
have hitherto conſidered, that is, its gravitation, 
and that reſiſtance of the air, which directly op- 
poſes its motion, is affected by a third force, which 
acts obliquely to its motion, and in a variable direc- 
tion; and which conſequently. deflects the projectile 
from its regular track, and from the vertical plane, 


in which 4t began to move; impelling it ſometimes 


to one fide, and ſometimes to the other, occaſion- 
ing thereby very great inequalities in the repeated 
ranges of the ſame piece, though each time loaded 
and pointed in the ſame manner; and this force 

I 4 1 Cgperating 


OF GUNNERY. 197 


operating thus irregularly I conceive to be the prin- 


cipal ſource of all that uncertainty and contuſion in 
the art of gunnery, which hath hitherto been uſually 
aſcribed to the difference of powder. The reality 
of this force, and the cauſe which produces it, will, 
J hope, appear from the following conſiderations. 

It will eaſily be granted, I ſuppoſe, that no ſhell 
or bullet can be diſcharged from the pieces gene- 
rally in uſe, without rubbing againſt their ſides, 
and thereby acquiring a whirling motion, as well as 
a progreſſive one. And as this whir] will in one 
part of its revolution conſpire in ſome degree with 
the progreſſive motion, and in another part be 


equally oppoſed to it; the reſiſtance of the air 


on the fore part of the bullet will be hereby at- 
fected, and will be increaſed in that part, where 
the whirling motion conſpires with the progteſſive, 
and diminiſhed, where it is oppoſed to it. And 
by this means the whole effort of the reſiſtance, in- 
ſtead of being in a direction oppoſite to the direc- 
tion of the body, will become oblique thereto, and 
will produce thoſe effects, we have already men- 
tioned. If it was poſſible to predict the poſition of 
the axis, round which the bullet ſnould whirl, and 
if that axis was unchangeable during the whole 
flight of the bullet, then the aberration of the 
bullet by this oblique force would be in a given 
direction, and the incurvation produced thereby 
would regularly extend the ſame way from one end 
of its track to the other. For inſtance. if the 


axis of the whirl was perpendicular to the horizon; 


then the incurvation would be to the right or left. 
If that axis were horizontal and perpendicular to 


the direction of the bullet; then the incurvation 


would be upwards or downwards. But as the firſt 
poſition of this axis is uncertain, and as it may 
perpetually ſhift in the courſe of the bullet's flight; 
the deviation of the bullet is not neceſſarily either 
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| and the next paragraph, are deſcribed in the ſollowing paper. 
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in one certain direction, nor tending to the ſame 


ſide in one part of its track that it does in an- 
other, but it more uſually is continually changing 
the tendency of its deflection, as the axis, round 
which it whirls, muſt frequently ſhift its poſition 
to the progreſſive motion 'by many inevitable ac- 
cidents. 2 £ 
That a bullet generally acquires ſuch a rotatory 


— 


motion, as J have here deſcribed, and that theſe ir- 
regularities are the neceſſary conſequences of ſuch 


a rotation, is, I think, demonſtrable. However, 


as in theſe novel aſſertions, I would leave no room 


for doubt or diſpute 3 I propoſe firſt to ſhew to 
the ſociety by an obvious experiment *, that the 


direction of a ball will be ſenſibly changed by com- 


pounding its progreſſive motion with a revolving 


one, although both theſe motions, and conſequently 
their effects, are prodigiouſly ſhort of what muſt 


neceſſarily take place in military projectiles; and [ 
next propoſe to exhibit to any gentlemen, who will 
honour me with their company, an ocular proof of 
the deflection of muſket bullets even in the ſmall 
interval of 60, 70, or 100 yards. It is true, in 
larger intervals theſe inequalities are much more 
canſiderable ; for I have ſeen a bullet in a range of 


700 yards deviate above 100 yards from its direc- 


tion. But as proper ground ſufficient for theſe ex- 
tended trials is not to be met with in the neighbour- 
hood of London; I hope, the experiments, I ſhall 
make in a ſhorter ſpace, as they will evince the 


reality of theſe deflections, will procure belief to 


other experiments where they have been much greater. 
What methods are neceſlary for the avoiding of theſe 


. devarications; I may perhaps treat of in the courſe 
of ſome future papers on the ſubject of gunnery. 


This experiment, with all the others mentioned in this 


J ſhall 


that the effects of the oblique reſi 
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I ſhall only add, that, as it may be imagined, 
Lance: ] have 

here deſcribed, can be nicely aſcertained by the 
common eſtabliſhed doctrine of the action of fluids 
on a ſurface placed oblique to their motions : 1 muſt 


therefore obſerve (to prevent any perſons from 
—_— their time in fo fruitleſs an examination) 


that al 


the poſitions hitherto laid down by any 
author whatever about the comparative reſiſtances 
of oblique ſurfaces, are moſt egregiouſly erroneous. 
It would too much enlarge the preſent paper to 


demonſtrate this in every . inſtance z I ſhall there- 


fore content myſelf with exhibiting one experiment, 


which, if properly weighed, will, I believe, render 
that trouble unneceſſary. In this experiment I ſhall 


ſhew, that two equal ſurfaces, each of them meets 
ing the air with the ſame degree of obliquity, are 
yet ſo differently reſiſted, that though in one the 
reſiſtance be leſs than that of a perpendicular ſur- 
face meeting the ſame quantity of air, yet in the 
other it is greater. But on this important ſubject 
(the compleating of which is abſolutely neceſſary to 


the eſtabliſhing the true theory of ſhip- building 
and failing) I hope to be more explicit hereafter. 
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8 No. II. . 
An account of the experiments, relating 
to the reſiſtance of the air, exhibited 


at different times before the Royal 


Society, in the year 1746. 


a * 2 I 


N the latter end of the laſt ſummer, I 
delivered in two papers to the ſociety on 
the reſiſtance of the air: the firſt endea- 
vouring to demonſtrate the very great 


of almoſt every military projectile, and conſequently 
the neceſſity of conſidering it in all ſpeculations upon 


the, ſubje& of gunnery; the other containing a more 
accurate and minute explication of the laws obſerved 


by this reſiſtance, together with rules for computing 
the actual ranges of projectiles as influenced and regu- 
Jared thereby, And, to compleat this ſubject, there 
was inſerted, in this laſt paper, a deſcription of an 
extraordinary and hitherto unſuſpected irregularity, 
to which theſe motions are liable; with a diſcuſſion 
of the cauſes of the diſturbing force, by which it is 
brought about. And hence occaſion was taken to 
add, in the concluſion, ſome very paradoxical aſ- 
ſertions relating to the difference, that is found in the 
reſiſtance of the air to the ſame oblique ſurface, only 
by varying of ſuch circumſtances as have hitherto 
been ſuppoſed to have no connection with that reſiſt- 
INC, 


The 


effects thereby produced in the motion 
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The propoſitions advanced in theſe papers, being 
moſt of them directly contrary to the opinions gene- 


rally received on this ſubject; their proof depended 


on certain experiments, which I had myſelf frequently 
repeated, and which, upon this occaſion, I exhibited 
to the ſociety. - And as they were often reiterated 


before numbers of the members, and always with 
ſufficient fucceſs; I think it incumbent on me to 


deſcribe the machines and methods made uſe of on 
this occaſion, together with an account of the nature 
and events of the trials thus exhibited. For I con- 
ceive a narration of this kind, corroborated by the 
recollection of thoſe gentlemen who were then pre- 
ſent, will be a much ſtronger confirmation of the 
principles, I advance, than the reſult of any expe- 


riments, which depended merely on my own relation. 


For my ſingle evidence might perhaps be conſidered 
as precarious; as I might at leaſt be. ſuſpected of 
being biaſſed towards thoſe novel doctrines, of which 
I profeſs myſelf in ſome degree the inventor. _ 

- To begin then with this narration, it is neceſſary 


to mention, that, in the firſt paper delivered to the 


ſocietyy 1 aſſerted the two following propoſitions z 


Firſt, * That the reſiſtance of the air to a 12 Ib. 


« iron bullet, moving with a velocity of 25 feet in 


« a ſecond, is not leſs than half an ounce avoirdu- 


Second!y, ** That the reſiſtance of the air, within 
certain limits, is nearly in the duplicate proportion 
of the velocity of the reſiſted body.“ | 

Theſe propoſitions are in themſelves neither un- 
known nor doubtful; but yet as they are the baſis 
of ſome other aſſertions, which have been hitherto 


Conſtantly conteſted and denied; I thought it requi- 


hte to evince their veracity by more unqueſtioned and 
ſimpler methods, than have been hitherto practiſed: 
for this purpoſe, I therefore cauſed a machine to be 
i | made 
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made of the form repralavtas in the annexed draw- 


ing“, which was moſt excellently executed under the 


direction of Mr, Ellicot, and was compleatly fitted for 
the uſe intended by many contrivances, ſome of them 
not contained in the drawing, nor neceſſary to be 
particularized in this place. For it is ſufficient, for 
the purpoſe of the following experiments, to deſcribe 
its general fabric, by obſerving that BCDE is a braſs 
barrel moveable on its axis, and ſo adjuſted by means 
of friction wheels, which are not repreſented in the 
drawing, as to have no friction worth attending to. 
The frame, in which this barrel is fixed, is ſo placed, 
that its axis may be perpendicular to the horizon. 
The axis itſelf is continued above the upper plate of 
the frame, and has faſtened on it a light hollow cone 
AFG; from the lower part of this cone there is ex- 
tended a long arm of wood GH, which is very thin, 
and cut feather-edged, and at its extremity there is 
2 contrivance for fixing on the body, whoſe reſiſtance 
is to be inveſtigated (as here the globe P) and, to 
preyent the arm GH from ſwaying out of its hori- 
Zonta] poſition by the weight of the annexed body P, 
there is a brace AH of fine wire faſtened to the top 
of the cone, which ſupports the end of the arm. 

Round the barrel BCDE there is wound a fine ſilk 
line, the turns of which appear in the figure, and 
after this line hath taken a ſufficient number of turns, 
it is conducted nearly horizontally to the pully L, 
over which it is paſſed, and then a proper weight M 
is hung to its extremity. If this weight be left at 
liberty, it is obvious, that it will deſcend by its own 
gravity, and will by its deſcent turn round the barrel 
BC DE, together with the arm GH and the body P 
faſtened to it. And whilſt the reſiſtance on the arm 
GH and on the body P is leſs than the weight M, that 
weight will accelerate its motion, and thereby the 


* Plate II. fig. I. 
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motion of GH and P will increaſe, and conſec uently 


their reſiſtance will increaſe, till at laſt this reſiſtance 
and the weight M become nearly equal to each other. 
The motion with which M deſcends, and with which 
the body P revolves, will not ſenſibly differ from an 


equable one. Whence it is not difficult to conceive, 


that by proper obſervations made with this machine, 


the reſiſtance of the body P may be determined. The 


moſt natural method of proceeding in this inveſtigation 
is, as follows. Let the machine have firſt acquired its 
equable motion (which, as will hereafter appear, will 
be uſually attained in five or ſix turns from the be- 
ginning) and then let it be obſerved, by counting a 
number of turns, what time is taken up by one re- 


volution of the body P; then taking off the body P 
and the weigbt M, let it be examined, what ſmaller 


weight will make the arm GH revolve in the fame 
time, as when P was fixed to it; this ſmaller weight 
being taken from M, the remainder is obviouſly equal 
in effort to the reſiſtance of the revolving body P, 


and this remainder being reduced in the ratio of the 


length of the arm to the ſemidiameter of the barrel, 


will then become equal to the abſolute quantity of the. 
reſiſtance. And as the time of one revolution is 


known, and conſequently the velacity of the revolv- 
ing body; there is hereby diſcovered, the abſolute 
quantity of the reſiſtance to the-given body P moving 


with a given degree of celerity. 2 | 
And note, that to avoid all exceptions I have ge- 


nerally choſe, when the body P was removed, to fix 
in its ſtead a thin piece of lead of the fame weight, 
placed horizontally; ſo that the weight, which was 
to turn round the arm GH without the body P, did 
alſo carry round this piece of lead. This I did, leſt 
it ſhould be objected, that the body P retarded the 
weight M by its quantity of matter as well as by its 
reſiſtance. But mathematicians will eaſily allow, that 
there was no neceſſity for this precaution, 0 

4 1 e 


ee y 


r 


CCC 


hs 
YE; 


ho e 
/ — * 4 Gnu 8 2 57 4 3 8 


p OO 7 » th * 
— 8 — Ws * 5 = EIS * = a j et 
PF RA Pe FE n 


* by EF 
ö r 
e eee 


1 
3 
#3 
F7 
"$$ 
= 
1 WI 
7 

of 

2 

2 
ob 
* 


*4 
_ 
4 
* 
2 
=. 
_ 
£ 
l 
e 
4% 4 
3 
9 
= 8 2 
E-. 7 4 
4. 
16 
ns. 3 
PR 2 
* i 
Es 
Ot 
8 
* 
> 
* 
4 - 
1 4 
* 71 
we” 
7 
. 
1 
WE z 
. 
WS © 
* 
* 
; 9 
LY 5 
A ; 
TY q o 
* 
N 
p 
— = 
” 7 
* . 7 1 
7 wh 
* þ 
% 4 
4 
: 
8 7 
bY 
, d 
4 5 
1 
4 774 
0 
; A 
by 
. 
EE ny | 7 
5 11 
4 ; 
bY "4 
67 i 
1 . 
1 
* ö 
1 
. 
2 
9 "5 . 
7 
7 
wy * 
x = 
55 4 
. 
2 Tar 
: n 
is 
3.3 
. 
Wy 2 
+ #3 
5 hs 
2 
#% 7s 
; 1 
5 1 
257 
- 
? 4 
' 
3 
3 
FT | 
1 . 
2 
54 | 
p » 
+ 
a; * 
W ; 
5 85 
* 


D The my 


% n 
23 . 


1 n 3 rune oO 8 
.. — IENRE I 0. DYE 
N r 3 

* — 


22 2 rr 2 
AO SES e 1 


des INN 
The meaſures of the parts of this machine were, 
as follows: | 


Inches, 
The 3 of the . BCDE and of — 
the ſilk ms 4 wound round it was 2,06 
The length of the arm GH meaſured from 


the axis to the ſurface of the globe P was 49,5 
The body P, the globe made uſe of, was of 

paſteboard, its ſurface very neatly coated with 

marble paper. It was not much diſtant from 


the ſize of a 121b. ſhot, being in diameter 4,5 


So that the radius of the circle deſcribed by 
the center of the globe was 81775 

When this globe was fixed at the end of the arm, 
and a weight of half a pound was hung at the end 
of the ſtring at M; it was examined, how ſoon the 
motion of the deſcending weight M, and of the re- 
volving globe P, would become equable as to ſenſe. 


And with this view three revolutions being ſuffered 


to elapſe, it was found, that 


* next 10 were performed in 29 
20. nels than. ©... 1c 8 

o in 8 

80 that the firſt 10 were performed i in 29/5 
2d 10.0 1 +I. 

20, 1038... ab 7 ip 


| Theſe experiments ſufficiently evince, thas even 
with half a pound, the ſmalleſt weight hereafter uſed, 
the motion of the machine was ſufficiently equable 
after the firſt three revolutions, 

And now to prove the two forementioned propoſi- 
tions, the following experiments were made; the times 
marked down being obſerved by ſeveral ſtop-watches, 
which rarely differed half a ſecond from each other. 

The forementioned globe being fixed at the end 
of the arm, there was hung on in the ſituation Ma 
weight of 3 lb. 4, and 10 revolutions being ſuffered 


to 2 the ſucceeding 2 20 were performed in 21“/ . 
Then 


Nn 


; 
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ü Then the globe being taken off, and a thin plate 4 
| of lead, equal to it in weight, placed in its room; it 1 
. was found, that, inſtead of 3b. , a weight of 1 1b. Þ 
85 would make it revolve in leſs time, than it did before, 4 
6 it performing 20 revolutions, after 10 were elapſed, | 
in the ſpace of 19 ſeconds. | | 
; Hence then it follows, that from the 3 lb. firſt . 
hung on, there is leſs than 11b. to be deducted for 
the reſiſtance on the arm, and conſequently the reſiſt- 
ance on the globe itſelf is not leſs than the effort of 
5 21b.; in the ſituation M; and it appearing from the 
| former meaſures, that the radius of the barrel is 
5 nearly Y part of the radius of the circle deſcribed 
* by the center of the globe; it follows, that the abſo- 
1 lute reſiſtance of the globe, when it revolves 20 times 
2 in 21/5 (which, if computed by the meaſures given 
5 above, comes out a velocity of about 25 feet in a 
ſecond) it follows, I ſay, that the reſiſtance of the 
| globe in this caſe is not leſs than the * part of 2 lb. æ, 
or than the s part of 36 ounces: and this being 
. conſiderably more than half an ounce, and the globe 


being nearly the ſize of a 12 pounder; it irrefragably 
confirms our firſt propoſition, ** That the reſiſtance 
<« of the air to a 12 lb. iron bullet, moving with a 
&« velocity of 25 feet in a ſecond, is not leſs than 
: „ half an ounce avoirdupoiſe.“ | 
| The next experiments were made with a view 
of examining the 2d propoſition. And for this pur- 
| pole there were ſucceſſively hung on in the ſituation 
M weights in the proportion of the numbers 1, 4,9, 16, 
and letting 10 revolutions firſt elapſe, the obſervations 
on thoſe, that follow, were as under. 


Er 


With 2 lb. the globe went 20 turns in 54/3 
that is, it went 10 turns in 27 
With 2 1b. it went 20 turns in 27 * 
With 41b.+ it went 30 thru in £ 
With 8 1b, it went 40 turns in a7 3 
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is neceſlary to deſcribe in a few words in this place, 


——— 
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So that it appears, that to reſiſtances of the pro- 


portions of the numbers 1, 4, 9, 16 there correſpond 
velocities of the reſiſted body in the proportion of the 
numbers 1, 2, 3, 4, which proves with great nicety, 
within the limits of theſe experiments, the ſecond 
propoſition contained in our firſt paper, That the 


“ reſiſtance of the air is nearly in the duplicate pro- 
portion of the velocity of the reſiſted body. That 


< 1s, it is four times as much when the reſiſted body 
moves with twice the velocity; nine times as much, 


* when it moves with three times the velocity, and 


e 5 5 
Theſe were the experiments exhibited to evince 
the aſſertions contained in the firft paper, and theſe 
having been ſhewn at different times to numbers of 
the ſociety, without any exceptions being made there- 
to, that I have yet heard of; they were taken for 
granted in my ſecond paper, and conſidered as a full 
confirmation of what, I had before advanced. 


The ſecond paper, though principally employed 


in giving rules for the computation of the motions 


of military projectiles, as modulated by the reſiſtance 


of the air, did yet, in the latter part of it, contain 


ſome obſervations relating to the hitherto unheeded 
effects produced by this reſiſtance; for its action is 


not folely employed in retarding the motions of pro- 


jectiles, but ſome part of it exerted in deflecting them 


from their courſe, and in twiſting them in all kinds 
of directions from their regular track; this is a doc- | 


trine, . which, notwithſtanding its prodigious import 
to the preſent ſubject, hath been hitherto entirely un- 


known, or unattended to; and therefore the experi- 
ments, by which I have confirmed it, merit, I con- 
ceive, a particular deſcription ; as they are them- 


ſelves too of a very ſingular kind. 


The baſis of this doctrine, which I have explained 


at large at the end of my ſecond paper, but which it 
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is this; that almoſt all bullets receive a whirling 
motion by rubbing againſt the ſides of the pieces, 
they are diſcharged from; and that this whirling 
motion of the bullet occaſions it to ſtrike the air ob- 
liquely, and thereby produces a reſiſtance, which is 
oblique to the track of the bullet, and conſequentiy 
perpetually deflects it from its courſe. 49 4 8 

The firſt experiment, exhibited on this occaſion, 
was to evince, that the whirling motion of a ball, 
combining with its progreſſive motion, would pro- 
duce ſuch an oblique reſiſtance and deflective power, 
as is herein mentioned. For this purpoſe a wooden 


ball, 42 inches diameter, was ſuſpended by a double 


ſtring about eight or nine feet long. Now by turn- 
ing round the ball, and twiſting the double ſtring, 
the ball, when left to itſelf, would have a revolving 
motion given it from the untwiſting of the ſtring 
again. And if, when the ſtring was twiſted, the 
ball was drawn a conſiderable diſtance from the per- 
pendicular, and there let go; it would at firſt, before 
it had acquired its revolving motion, vibrate ſteadily 
enough in the ſame vertical plane, in which it firſt 
began to move; but when, by the untwiſting of the 
ſtring, it had acquired a ſufficient degree of its whirl- 


ing motion, it conſtantly deflected to the right or left 


of its firſt track; and ſometimes proceeded ſo far, as 
to have its direction at right angles to that, in which 

it began its motion; and this deviation was not pro- 
duced by the action of the ſtring itſelf, but appeared 


to be entirely owing to the reſiſtance being greater on 


the one part of the leading furface of the globe than 
on the other. For the deviation continued, when 
the ſtring was totally untwiſted, and even during the 


time that the ſtring, by the motion the globe had 


received, was twiſting the contrary way. And it was 
always eaſy to predict, before the ball was let go, 
which way it would deflect, only by conſidering on 


Which ſide the whirl would be combined with the 


progreſſive 
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progreſſive motion; for on that ſide always the de- 
flecting power acted; as the reſiſtance was greater 
here, than on the fide, where the whirl and pro- 
greſſive motion were oppoſed to each other. | 

This experiment is an inconteſtable proof, that, 
if any bullet, beſides its progreſſive motion, hath 
a whirl round its axis; it will be deflected in the 
manner here deſcribed. And as it is ſcarcely poſſible 
to ſuppoſe, but that every bullet, diſcharged from 
the pieces now in common uſe, muſt receive ſuch a 
whirl from its friction againſt the ſides of the piece; 
the propoſition might perhaps be ſafely reſted on this 
ſingle experiment. But not to leave any thing doubt - 
ful in a ſubject liable to ſo much conteſtation; I un- 
dertook to evince, by an ocular proof, the reality of 
this deflection in muſquet-bullets, even in fo ſhort 
an interval as a hundred yards. And theſe experi- 
ments having ſucceeded to the general ſatisfaction 
of thoſe, who honoured me with their company; I 
ſhall here deſcribe, as briefly as I can, the manner in 
which they were tried, and the concluſions reſulting. 
From them. . 
As all projectiles in their flight are acted on by the 
power of gravity, the deflexion of a bullet from its 
primary direction, ſuppoſes that deflexion to be up- 
wards or downwards in a vertical plane; becauſe, in 
the vertical plane, the action of gravity is com- 
pounded and entangled with the deflective force. 
And for this reaſon my experiments have been prin- 
cipally directed to the examination of that deflexion, 
which carries the bullet to the right or left of the 
vertical plane, in which it began to move. For if 
it appears at any time, that the bullet has ſhifted from 
that vertical plane, in which its motion began; this 
will be an inconteſtable confirmation of what, we. 
aſſerted. Since no other power but that unequal re- 
ſiſtance, which we here inſiſt on, can occaſion a body | 
in motion to deviate from the vertical plane, in which 1 
it has once moved. Now 
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Now by means of ſcreens of exceeding thin paper, 


placed parallel to each other at proper diſtances, this 
deflexion in queſtion may be many ways inveſtigated, 


For by firing bullets which ſhall traverſe theſe [creens, -- 


the flight of the bullet may be traced out; and it may 
eaſily appear, whether they do or do not keep. in- 
variably to one vertical plane. This examination 
may proceed on three different prises, which I 
ſhall here ſeparately explain. 

For firſt an exact vertical plane may be traced out 
upon all theſe ſcreens, by which the deviation of auß 
ſingle bullet 1 be more readily inveſtigated, only 
by meaſuring the horizontal diſtance of its trace 
from the vertical plane thus delineated, and by this 
. the abſolute quantity of its aberration may. be 

nown. 

Or if the Jefeription of ſuch a e plane ſhould 
be eſteemed a matter of difficulty and nicety, a ſecond 
method may be followed, which is that of reſting the 


piece in ſome fixed notch or ſocket, ſo chat though 


the piece may have ſome little play to the right and 
left, yet all the lines, in which the bullet can he 
directed, ſhall interſect each other in the center of 
that bed ſocket; by this means, if two differenn 
ſhot are fired from the piece thus ſituated, the hori- 


Lontal diſtances of the traces made by che two bullets 


on any two fcreens, ought to be in the ſame propor- 
tion to each other as the reſpective diſtances of theſe 
ſcreens from the ſocket, in which the piece was 
laid. And if theſe horizontal diſtances differ from 

that proportion; then it is certain, that one of theſs 
ſhot at leaſt hath deviated from a vertical plane, 


although the abſolute quantity of that deviation can» 


nat be henee aſſigned; becauſe it cannot be known, 
what part of it is to be imputed to one bullet, and 
what to the other. 

But if the conſtant and PINES > poſition of the 


notch or ſocket, in which the piece was placed, be 


Vor. I. O | * 
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thought too hard an hypotheſis in this very nice affair; 
the third method, and which is the ſimpleſt of all, re- 
quires no more than, that two ſhot be fired through 
three ſcrenes, without any regard to the poſition of 
the piece each time. For, in this caſe, if the ſhots 
diverge from each other, and both keep to a vertical 
plane; then if the horizontal diftances of their traces 
on the firſt ſcreen be taken from the like horizontal 
_ diſtances on the ſecond and third, the two remainders 
will be in the ſame proportion with the diſtances of 
the ſecond and third ſcreen from the firſt. And if 
they are not in this proportion, then it will be certain, 
that one of them at leaſt hath been deflected from the 
vertical plane; though here, as in the laſt inſtance, 
the quantity of that deflexion in each will not be 
—_— - | 
All theſe three methods I have myſelf made uſe 


of at different times; and have ever found the ſucceſs 


agreeable to my expectation. But what I thought 
the moſt eligible for the experiments, which I pro- 
poſed to ſhew to the ſociety, was a compound ot the 
two laſt, and the apparatus was as follows; 

On — „being the firſt day appointed for 
theſe trials, the weather was unfavourable, and 
the experiments on that account more confuſed 
than could have been wiſhed, though they were far 
from inconcluſive. But on the next Thurſday two 
ſcreens were ſet up in the large walk in the Charter- 
| houſe garden; the firſt of them at 250 feet diſtance 
from the wall (which was to ſerve for a third ſcreen) 
and the ſecond two hundred feet from the ſame wall. 
And at 50 feet before the firſt ſcreen, or at 300 feet 
from the wall, there was placed a large block, weigh- 
ing about 2001b. weight, and having fixed into it an 
tron bar with a focket at its extremity, in which the 
piece was to be laid. The piece itſelf was of a com- 
mon length, and was bored for an ounce ball. It 
was each time loaded with a ball of 17 to the pou 
. 1 | | | - (9 
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(ſo that the windage was extremely ſmall) and with 
a £ of an ounce of good powder. The ſcreens were 


made of the thinneſt iflue paper; and the reſiſtance, 


they gave to the bullet (and conſequently their pro- 
bability of defleCting it) was ſo ſmall, that a bullet 
lighting one time near the extremity of one of the 
ſcreens, left a fine thin fragment of it towards the 


edge entire, which was ſo very weak, that it appeared 


difficult to handle it without breaking. Theſe things 
thus prepared, five ſhot were made with the piece 
reſted in the notch deſcribed above; and the horizon- 
tal diſtances between the firſt ſhot, which was taken 
as a ſtandard, and the four ſucceeding ones, both on 
the firſt and ſecond ſcreen, and on the wall, mea- 
ſured in inches, were as follows: | 
A ſcreen... 2d ſcreen. walk 
1 to2 sR 3,15 KR 166 IK 


3 . 1550 bn: - 69,25 L 
4 1, 23 L 45 15.0 
2 . 19,0 I. 


queſtion went either to the right or left of the firſt. 
If the poſition of the ſocket, in which the piece 
was placed, be ſuppoſed fixed, (and I preſume no 
perſon then preſent conceived during theſe trials, that 
it could poſſibly vary the 10th of an inch from its 
firſt ſituation) then the horizontal diſtances, meaſured 
above on the 1ſt and ad ſcreen, and on the wall, 
ought to be in the proportion of the diſtances, of the- 
Iſt ſcreen, the 2d ſcreen, and the wall, from the 
ſocket. - But, by only looking over theſe numbers; 
it appears, that none of them are in that proportion. 


The horizontal diſtance of the iſt and 3d (for in- 


ſtance) on the wall being above 9 inches more, than 

it ſhould be by this analogy. 

If. without ſuppoſing the invariable poſition of the 

ſocket, we examine the comparative horizontal di- 

ſtances according to the third method deſcribed 
12 252 OY above; 
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above; we ſhall in this caſe diſcover divarications 
{till more extraordinary. For by the numbers ſet 
down it appears, that the horizontal diſtances of the 
2d and 3d fhot on the two ſcreens and on the wall are 
as under ; | 8 | | | 
1ſt fcreen 2d ſcreen wall 
11575 18,75 85,95 
Here, if, according to the rule given above, the 
diſtance on the firſt fereen be taken from the diſtances 
on the other two, the remainder will be 7, and 74,2; 
and theſe numbers, if each ſhot kept to a vertical 


9h ought to be in the proportion of 1 to 5, that 


ing the proportion of the diſtances of the ſecond 
ſcreen, and of the wall from the firſt. But the laft 
number 74,2 exceeds what it ought to be by this 
analogy by 39,2: So that between them there is a 
deviation from the vertical plane of above 39 inches; 
and this too in a tranſit of little more than 80 yards, 

But farther, to ſhew that theſe irregularities do 
not depend upon any accidental circumſtances of the 
balls fitting or not fitting the piece, there were five 
thots more made with the fame quantity of powder 
as before; but with ſmaller bullets, which ran much 
looſer in the piece. And the horizontal diftances 


being meaſured in inches from the trace of the firſt 


bullet to each of the ſueceeding ones, the numbers 
were as under; COR ee ee 25 | 
iſt fereen 2d ſcreen wall 
tt 156R I © i940 N 
3 n LN . 
44 8 8,3 R 185,5 R 
12, R 24,0 R 63,5 R 
Here again, on the ſuppoſed fixed poſition of the 
piece, the horizontal diſtance on the wall, between 
the firſt and third, will be found to be above 15 
inches lefs, than it ſhould be, if each kept to a ver- 
tical plane. And like irregularities, though ſmaller, 
occur in every*other experiment. And if they are 
ES examined 
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examined according to the third method ſet down 
above; and the horizontal diſtances of the third and 


fourth, for inſtance, are compared, theſe on the firſt. 


and ſecond ſcreen and on the wall appear to be thus; 
1ſt ſcreen 2d ſcreen wall 
I1,q 21,25 „ 

And if the horizontal diftance on the firſt ſcreen 
be taken from the other two, the remainders will be 
10,15 and 27, 4; where the leaſt of them, inſtead of 
being, five times the firſt, as it ought to be, 1s 23,35 


| ſhort of it. So that here there is a deviation of above 
23 inches. | 


From all theſe experiments the deflexion in que- 
ſtion ſeems to be inconteſtably evinced. But to 
give ſome farther light to this ſubject, I took a barrel 
of the ſame bore with that hitherto uſed; and bent it 
at about three or four inches from its muzzle to the 
left, the bend making an angle of 35 or 4* with the 


axis of the piece. This piece, thus bent, was fired 


with a looſe ball, and the ſame quantity of powder 
hitherto uſed, the ſcreens of the laſt experiment being 
till continued. It was natural to expect, that if this 


piece was pointed by the general direction of its axis; 


the ball would be canted to the left of that direction 
by the bend near its mouth. But as the bullet, in paſſ- 
ing through that bent part, would, as I conceived, be 
forced to roll upon che right-hand ſide of the barrel, 


and thereby the left ſide of the bullet would turn up 


againſt the air, and would encreaſe the reſiſtance on 
that ſide; I predicted to the company then preſent, 
that if the axis, on which the bullet whirled, did not 
ſhift its poſition after it was ſeparated from the piece, 
then, notwithſtanding the bend of the piece to the 
left, the bullet itſelf might be expected to incurvate 
towards the right; and this, upon trial, did moſt 
remarkably happen. For one of the bullets fired 
trom this bent piece, paſſed through the firſt ſcreen 
about 14 inch diſtant from the trace of one of the 
| | O 3 | ſhot 


214 TT RK STS 

ſhot fired from the ſtreight piece in the laſt ſet of 
experiments. On the ſecond ſcreen the traces of the 
ſame bullets were about three inches diſtant, the 
bullet from the crooked piece paſſing on both ſcreens 
to the left of the other; but comparing the places 
of theſe bullets on the wall, it appeared, that the 
bullet from the crooked piece, though it diverged 
from the track of the other on the two ſcreens, had 
now croſſed that track, and was deflected conſider- 
ably to the right of it: ſo that it was obvious, that, 
though the bullet from the crooked piece might at 
firſt be canted to the left, and had diverged from the 
track of the other bullet, with which it was com- 
pared, yet by degrees it deviated again to the right, 
and- a little beyond the ſecond ſcreen crofled that 
track, from which it before diverged; and on the 
wall was deflected 14 inches, as I remember, on the 
contrary fide. And this experiment is not only the 


moſt convincing proof of the reality of this deflexion 


here contended for; but is likewiſe the ſtrongeſt con- 
firmation, that it is brought about in the very man- 


ner, and by the very circumſtances, which we have 
all along deſcribed. - 


Theſe were the experiments exhibited for the eſta- 4 


bliſhing of this new doctrine, and which, being per- 
formed in this publick manner, and fo generally ac- 
quieſced in by hoſe; who were preſent, will, I hope, 
ſecure me from the harſh and.malevolent cenſures, 
which propounders of new opinions are generally 
expoſed to. This doctrine is, I confeſs, of ſo ex- 
tenſive an influence, and deſtroys ſuch a multitude 
of theories, projects, and concluſions, with which 
the modern writers on the art of gunnery have 
abounded, that it will not be admitted but with the 
greateſt caution and difficulty: but after the ſucceſs 
of the experiments here recited (and they bear but a 
very ſmall proportion to thoſe, I have myſelf tried 
gn the fame occaſion) it will not be eaſy, I conceive, 
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to urge any exceptions againſt it, that ſhall have the 
air of validity. And I think, I am ſo much maſter 
of this ſubject, as to undertake the refutation of what- 


ever objections ſhall be hereafter ſtarted upon this 
head. I have only now to add, that, as I ſuſpected, 


the conſideration of the revolving motion of the bul- 


let, compounded with its progreſſive motion, might 
be conſidered as a ſubje& of mathematical ſpecula- 
tion, and that the reality of any deflecting force, 


| thence ariſing, might perhaps be denied by ſome 


computiſts upon the principles hitherto received of 
the action of fluids: to prevent a too haſty diſ- 
cuſſion of this kind, I thought proper to annex a 
few experiments, with a view of evincing the ſtrange 
deficiency of all theories of this ſort hitherto eſta- 
bliſhed, and the unexpected and wonderful varieties, 
which occur in theſe matters. The propoſition which 
I advanced for this purpoſe being, that two equal 
ſurfaces meeting the air with the ſame degree of ob- 
liquity, may be ſo differently reſiſted, that, though 
in one of them the reſiſtance is leſs than that of a 


perpendicular ſurface meeting the ſame quantity of 


air, yet in the other it ſhall be conſiderably greater. 
To make our this propoſition, I made uſe of the 
machine deſcribed in the firſt part of this paper, and 
having prepared a paſteboard pyramid, whoſe baſe 
was four inches ſquare, and whoſe planes made an- 
gles of 45? with the plane of its baſe; and alſo a 
parallelogram, four inches in breadth and 57 in length, 
which was equal to the ſurface of the pyramid. The 
globe P was taken off from the machine, and the 
pyramid was firſt fixed on; and 2 lb. being hung at 
M, and the pyramid ſo fitted as to move with its 
vertex forwards, it performed 20 revolutions, after 

the firſt 10 were elapſed in 33“. 5 
Then the pyramid being turned ſo that its baſe, 
which was a plane of four inches ſquare, went fore- 
7285 O 4 -: ..... mots 
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moſt; it now performed 20 revolutions with the 
ſame weight in 38/4. 5 1 

After this taking off the pyramid, and fixing on 
the parallelogram with its longer ſide perpendicular 
to the arm, and placing its ſurface in an angle of 4.5 


with the horizon by a quadrant, the parallelogram 


with the fame weight performed 20 revolutions in 
#3 I | El 
Now here this parallelogram and the ſurface of the 
Pyramid are equal to each other, and each of them 
met the air in an angle of 45*, and yet one of them 
made 20 revolutions in 33“, whilſt the other took 
up 4375. And at the ſame time it appears, that a 
flat ſurface (as the baſe of a pyramid) which meets 
the fame quantity of air perpendicularly, makes 20 


_ revolutions in 384, which is the medium between 


the other two; whence the propoſition advanced 
above 1s evinced. Dn 

But to give another proof of this principle, which 

parallelogram 4 

inches broad and 8x long; this being fixed at the 

end of the arm, with its longer fide perpendicular 


| thereto, and being placed in an angle of 45* with 
the horizon, there was a weight hung on at M 


of 3 lb. z, with which the parallelogram made 20 
revolutions in 40/73. But after this the poſition of 


the parallelogram was ſhifted, and it was placed 


with its ſhorter ſide perpendicular to the arm, though 
its ſurface was ſtill inclined to an angle of 45* with 


the horizon. And now, inſtead of going flower, as 
might be expected, from the greater extent of part 


of its ſurface from the axis of the machine; it went 
round much faſter. For in this laſt ſituation it 
made 20 revolutions in 35/2 ſo that here were 5 
difference in the time of 20 revolutions, and this 
from no other change of circumſtance, than as the 
larger or ſhorter ſide of the oblique plane was per- 
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pendicular to the line of its direction. As to the 
cauſe of this extraordinary inequality z it is not my 
buſineſs at preſent to enlarge, nor have I indeed as 


yet compleated all the experiments, I have projected 


on this ſubject. However, thus far may be eaſily 
concluded, that all the theories of reſiſtance hitherto 
eſtabliſhed, are extremely defective, and that it is 
only by experiments analogous to thoſe here re- 


cited, that this important ſubject can ever be com- 
pleated: I ſay impoi tant ſubject; for ſurely a matter, 


on the right knowledge of which all true ſpecula- 


tions on ſhip · building and failing muſt neceſſarily 


depend, cannot but be deemed, in this country at 
leaſt, of the higheſt importance, both to the publick 
intereſt of the nation, and to the general benefit of 


No. IV. 


Of the force of fired gunpowder, to- 
gether with the computation of the 
velocities thereby communicated to 
mulitary projectiles. - 


CR L L, that hath been hitherto ſaid in the 
- preceding papers, hath principally re- 
lated to the reſiſtance of the air, and its 
effects upon the motions of military pro- 
jectiles. But the theory of gunnery in- 
cludes in it the knowledge of another matter not leſs 
important; I mean the theory of the action of fired 
powder, and the determination of the velocities 
communicated to bullets by its exploſion. ” 
And this laſt ſubject I have formerly treated very 
amply; and as, by all the experiments I have ſince 
made, I find no-reaſon to change my opinion in any 
eſſential point, I ſhall here,inferc the ſubſtance of this 
doctrine in as conciſe a manner, as I can, together 
with ſome rules deduced from it for computing the 
original velocities of bullets. And this article being 
diſpatched, I ſhall, in a futute paper, proceed to 
examine how far the motions of bullets aſſigned by 
the two theories, I have delivered, (that of the im- 
pulſe of the powder, and that of the action of the 
air's reſiſtance) are conformable to the experiments, 
which have been made in different places on the flight 
of ſhells and cannon-ſhot. Ir is true, very few of 
theſe experiments have been conducted with due at- 
tention, or have been inſtituted with proper views. 
However, 
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However, as I have collected every thing of this 


kind, that hath at any time fallen in my way, and, as 


I conceive, the compariſon even of the moſt irregular 


experiments with the theory will be far from diſ- 
gracing it; I flatter myſelf, that this examination 
will not be totally void either of curioſity or utility. 
And, with regard to the preſent paper, I ſhall only 


mention, that all the propoſitions I am going to 


inſert, on the action of fired powder, I propoſe to 
demonſtrate by an experimental proceſs, whenever 
a convenient ſeaſon will permit me to exhibit it before 
the ſociety. 


P R O . 


Gunpowder fired in any ſpace, acts nearly in the 
fame manner, as a quantity of air would do, which 


was condenſed a thouſand times more than the com- 


mon air we breathe; and which, in that condenſed 
ſtate, filled the ſame ſpace, that was taken up by the 


unfired powder. 


The proof of this propoſition depends on various 
experiments made on the velocities of bullets, at their 
firſt iſſuing from the piece. It is true, that different 
kinds of powder act with different degrees of force; 


but we ſuppoſe the powder here meant to be made 


by the government ſtandard. I muſt add too, that 
ſome varieties will take place in this propoſition, ac- 
cording to the different quantity of powder made uſe 
of, and the manner in which it is placed. However, 
none of theſe things are of moment enough to be at- 
tended to in the 3 a general theory; though 


they may hereafter, in a praper place, merit a more 


particular diſcuſſion. 


PROP. Il. 


Hence it follows, that the preſſure of the powder 
on the bullet, grows perpetually weaker and weaker, 
as the bullet is farther impelled before it. = 


p 2 


_ . a C3 $8 
For as the bullet is impelled forwards, the inflamed 
powder takes up more room; and conſequently its 
_ elaſticity is diminiſhed. So that, for inſtance, if the 
charge of powder in a twenty-four pounder takes up 
one foot of the cylinder, before it is fired, and the 
whole length of the cylinder be nine feet; then when 
the bullet arrives at the mouth of the piece, the 
wder extends through nine times the 2 it did 
at firſt; and conſequently exerts but + of its original 
preflurez and the longer the piece is in proportion 
to the extent of the charge, the more is the action 
of the powder diminiſhed. | 
| PROP. N. 
Though the velocity of the bullet conſtantly en- 
creaſes by the preſſure of the powder, yet its acce- 
Jeration, in paſſing through a given ſpace, grows 
continually leſs and leſs, as it approaches the mouth 
of the piece; and this on a twofold account. For 
both the preſſure of the powder decreaſes in the 
manner defcribed in the laſt propoſition, and the 
velocity acquired by the bullet renders the action 
of that preſſure, in paſſing through a given ſpace, 
Jefs efficacious, for the faſter the bullet moves, the 
Jes it is obviouſly accelerated, in paſſing through a 
given ſpace, by the preſſure of the powder, which 


follows it. 


„ 


If the ſame piece be fired ſucceſſively with different 
charges of powder, the preſſure of theſe different 
charges upon the bullet, in any given part of the 
barrel, is nearly in proportion to the quantity in each 
charge. e | 

This follows from the analogy eſtabliſhed in the 
firft propoſition, between the action of powder and 
the action of condenicd air; for it is well. known, _ 

the 
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ed the elaſticity of air incloſed in a given ſpace is in 

its proportion to its quantity. e 

the | 

up . | PNY R Vs 

— From the laſt propoſition it follows, that if with 

"uy different charges the bullet or ſhell be always placed 

lid in the ſame part of the barrel (as is the caſe in mor- 

5 tars) then the collective preſſure of various charges 

5 will be as their quantities of powder; and to this 

a. collective preſſure the ſquare of the velocity of the 
bullet will be proportional. But if the bullet be 


placed home upon the powder, fa that with a fmaller 
charge it is nearer the breech than with a larger; in 
this caſe the collective preſſure of the fmaller charge 
will be ſomewhat more than in tion to its 
quantity; for it will act through a longer ſpace than 
the larger charge; and in this additional ſpace, as it 
lies contiguous to the firſt inflammation, the action 
will be moſt violent. But it muſt be remembered, 
that if the diſproportion of the charges is very great, 
the action of the ſmaller quantity, from cauſes | have 
formerly mentioned, may be fo far diminiſhed, that 
the laſt mentioned advantage may not take place. 


SCHOLEUM. 


From theſe principles all the various effects, that 

can ariſe from varying the quantity of the charge, 

the length of the piece, or the denſity of the bullet, 

1 may be geametrically determined; and hence all the 
* chimerical notions, which have long obtained, in 
8 relation to theſe particulars, are eaſily confuted. 
N For inſtance, it is preſumed by the greateſt part of 
the practitioners in artillery, that there is one certain 

charge for every piece, which will communicate to 
the bullet a greater velocity than any other charge 
either exceeding it or falling ſhort of it; and many 
| trials 
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trials have been inſtituted for the diſcovery of this 


important maximum : and ſome profeſſors of note 
have lately pretended to aſſign this charge, telling us, 
that in heavy cannon it is about + of the bullet in 
powder, and in ſmaller pieces about one half of the 
weight of the bullet in powder. But geometers 


will know, that in the foregoing principles every 


augmentation of powder will encreaſe the velocity 
of the bullet, unleſs the charge be ſo great as to fill 


up about + of the cylinder; then indeed an addition 


to the charge may diminiſh the velocity of the bullet. 
But the quantity of powder thus aſſigned will in the 
ſhorteſt cannon amount to more, than is ever allotted 
for any operation of gunnery: for in a 24 pounder 
it will be conſiderably more than 30 pound. 
Again, practitioners have generally ſuppoſed, that 
in each ſpecies of cannon there was a certain length, 
which communicated to the bullet fired from it a 
greater velocity, than could be communicated by 
either a ſhorter or longer piece; but from the pro- 
poſitions inſerted above it appears, that this is a moſt 
groundleſs prejudice; notwithſtanding the numerous 


trials, which have been inſtituted for its confirmation 


and inveſtigation. For, by attentively conſidering 
the preceding 3d propoſition it appears, that if two 
Pieces of the ſame bore, but of different lengths, are 
charged with the ſame quantity of powder ; the 
longer piece will, rigidly ſpeaking, communicate the 
greater velocity to the bullet. However, unleſs their 
lengths are extremely diſproportioned, the velocities 


of their reſpective bullets will differ but little: for 


inſtance, if a muſket barrel of common length and 
bore, be fired with a leaden bullet, and half its weight 


in powder, and if the ſame barrel be afterwards ſhort- 


ened by one half, and be again fired with the ſame 
charge; the velocity of the bullet in this ſnortened 
barrel will be about + part leſs than, what it was, 
when the barrel was entire; and if, inſtead of ſhort- 
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ening the barrel, it be increaſed to twice its cuſtom- 


ary length (when it will be near eight feer long) the 


velocity of the bullet will not be hereby augmented 
by more than + part. And the greater the length 
of the piece 1s in proportion to the diameter of the 
bullet, and the ſmaller the quantity of powder, the 
more inconſiderable will theſe alterations of velocity 
prove. So that increaſing or diminiſhing a twenty- 

four pounder, for inftance, by a foot in length, with 

its cuſtomary charge of powder, occaſions no greater 

change than that of -; part in its velocity; which is a 

variation much too minute to be aſcertained by any of 
the trials, which have hitherto been propoſed and fol- 
lowed for that purpoſe. 

From the above-mentioned principles too, it fol- 
lows, that the actual velocities, with which bullets 
are impelled from their reſpective pieces, are hence 
eaſily to be aſſigned, whence their potential randoms, 
or their ranges at 45 in a vacuum, may be readily 
known. The geometrical proceſs for this purpoſe 


| hath been explained in another place, but is rather 


too complicated for this paper; and therefore to en- 


able thoſe, who may deſire the examination of ex- 


periments of this kind, to make the neceſſary com- 
putations; 1 ſhall here lay down ſomè practical rules 
for that end, without entering into their demon- 
ſtrations. 2 . 


RU LE I 


If an iron bullet be fired with its weight of powder 
from a piece ſixty diameters in length, its potential 
random, or its range in a vacuum, will be nearly 
60000 yards; and if the length of the piece and the 
quantity of powder be both of them encreaſed or di- 
miniſhed, its potential random will be encreaſed or 
diminiſhed in that proportion. Thus with half the 
weight of the bullet in powder, and piece of thirty, 
diameters long, the potential random will be . 

. | yards, 
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yards, and with a. fourth of the weighe of- powder, 
and a piece of 15 diameters long, its potential ran- 
dom will be x5000 yards. BI Ms 


n 


If a leaden bullet be fired with its weight of pow- 
der from a piece of go diameters long, its potential 
random will be 60000 yards; and if both the pow- 
der and the length of the piece are together encreaſed 
or diminiſhed. in any proportion, the potential ran- 
dom will be encreaſed or diminiſhed in the ſame 


proportion. 


RULE III. 


And generally, if bullets of any fpecifick gravity : 


whatever are fired with their weight in powder from 
pieces, whoſe lengths bear the fame proportion to 60 
diameters, as the gravity of theſe bullers bears to iron 
ones of the ſame bulk, then the potential random 
of theſe bullets will be likewiſe $5005 yards; and 
encreaſing or diminiſhing the powder and the length 
of the pieces together in any ratio, the potential 
random will be encreaſed or diminiſhed in the ſame 
ratio. But it muſt be obſerved, that in all theſe 
inſtances the bullet is fuppofed to lie cloſe to the 


powder, without any void betwecn, and the windage 


to be the leaſt poſſible. = 


RULE Iv. 


To find the potential random to any given piece, 
buller, and charge, proceed thus: firſt find what 
length of piece (eſtimated in diameters of the bullet) 
and what potential random correſponds in the pre- 
ceding rules to the given charge of powder, call this 
potential random A; then if the length aſſigned by 
the rule is the ſame with the length of the given piece, 


this 
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this number A is obviouſly the potential random 
ſought. But if the length of the given piece be more 
than the length deduced from the rules; then take 
the difference of the tabular logarithriis of theſe two 
lengths, and multiplying this difference into A (the 
logarithm of 10 being ſuppoſed unity) and then add- 
ing the reſulting product to A, the ſum will be the 
potential random required. If the given piece falls 
ſhort of the length deduced from the rule, inſtead 
of exceeding it; then the product of the difference 
of the logarithms into A muſt be taken from A, 
and the remainder will be the potentlal random 
ſought. | | | | | 
Of this proceſs take the following example, ad- 
apted to an experiment made by Anderſon. Suppoſe 
it be required to determine the potential random of a 
piece 17 inches long, carrying a five pound iron ſhot, 
and fired with three ounces of powder. 

The powder here is about v of the iron bullet, 


and the length of the piece about five diameters of 


che fame ; and by the ſecond rule it appears, that a 
piece about 24 diameters long, charged with this 
proportion of powder, would have a potential ran- 


dom of about 2220 yards: but the piece in queſtion _ 


being five diameters long, the difference of the loga- 
rithms of 5 and 24 muſt be multiplied into 2220, 
and the product, which is about 780, muſt be added 
to 22203 becauſe the given piece is longer than the 
length deduced from the rule; and their ſum, or 


3000, is the potential random ſought. Where note, 
that in theſe computations a ſcrupulous nicety 18 


altogether unneceſſary; a rigorous and geometrical 
determination being ſcarcely compatible with the 
nature of this ſubject. 


Van Þ P RULE | 
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The former rules being ſuited to theſe caſes, where 
the bullet is placed home upon the powder, as in 
cannon; to E. en them to mortars, when a part of 
their chamber only is filled, we muſt proceed thus. 
Firſt find by the preceding rules, what will be the 
potential random, if the whole chamber was filled 
with powder; and then reduce the random thus 
found in the proportion of the whole chamber, to 
the part of it occupied by the given Charge. 


SCHOLIUM. 


Theſe are all the neceſſary rules for computing the 
potential randoms of ſhells and bullets; it is true, 
that the denſity of powder, and other caſual circum- 

ſtances, will occaſion conſiderable varieties; and will 
oftentimes render the reſult different from theſe com- 
putations; but the irregularities of this kind, are 
neither ſo great, nor ſo frequent, as may be imagined. 


And thoſe, who conſider the almoſt infinite compli- 


cation of this ſubject, and the ignorance in which the 
world has long continued of the force and mode of 
action of fired gunpowder, will doubtleſs grant, that 
any pretence of exhibiting the velocities communi- 
cated to bullets by its explofion, would fome time 
ſince have been treated as a chimerical undertaking; 
and therefore I cannot but conceive, that the ſtrange 
and ſcarcely credible coincidence of the computations 
here given, with the reſult of numerous trials made 
under diverſified circumſtances, is a matter well 


meriting attention, and ftrongly confirming the the- 


ory here advanced; eſpecially as the cauſes, which 


often render theſe computations leſs accurate, are 
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nature of the theory to intervene. The circum- 


ſtances, in which the trials and the computations 


are frequently found to differ, being thoſe that 


follow: f 


Firſt, If the quantity of powder be extremely ſmall 
in proportion to the fize of the piece, and to the 
weight of the bullet to be impelled; the velocity 
communicated to the bullet will fall ſhort of the 
computation. Thus, for inſtance, a muſket-buller, 
fired from a common piece with r part of its weight 
in powder, has a velocity near a third part leſs, than 
it ought to have by the former rules. 1 

Second, If in mortars charges are made uſe of, fill- 
ing up but a very ſmall part of the chamber, in this 
caſe the real velocity of the ſhell will fall conſiderably 
ſhort of its computed quantity. As for inſtance, if 
into a chamber capable of holding 6b. of powder, 
there is put no more than lb. the velocity may not 
perhaps be more than half, or even a third, of what, 
it ought to be with a compariſon of the effect of larger 
charges. 95 5 „ 885 

Third, And in every caſe a conſiderable windage 
will ſenſibly diminiſh the effect of the powder; and, 
on the contrary, if the touch- hole is ſmall, and the 
bullet and piece fit very exactly, the effect of the 
powder will be thereby augmented, eſpecially in large 
charges. So that the potential randoms computed 
above may be then found perhaps defective, and may 
poſſibly require to be augmented by a fifth or ſixth , 


part. 


Fourth, There is beſides ſome difference in the 


manner of placing the powder; for the fame quan- 
tity of powder acts rather more violently, when it 


bills up a long cylinder, than when it fills a ſhorter 


cylinder, with a larger baſe; at leaſt there ſeems to 
be ſome advantage in lengthening the chamber, till 
its length is near three times its diameter. In ſmall 
oy "MY quantities 
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quantities of powder this difference in the form of a 
chamber occaſions very conſiderable varieties of the 
impulſe of the bullet, as hath been formerly ſhewn 
to the ſociety by Mr. Haw/ibee, But in large quan- 
tities of powder, and ſuch as bear a great proportion 
to the weight of the bullet, I conceive the effect here 
mentioned to be of leſs moment. 
The rules and methods of computation inſerted 
above, aſſign only the potential random of the pro- 
jectile in yards; but if the velocity, with which the 


projectile moves, be required, this may thence be 


eaſily found from the common theory of falling 


bodies. However, the ſhorteſt practical method of 


determining the velocity from the potential random, 
is this. From the number expreſſing the yards of 
the potential random take away x of itſelf; then 
annexing two cyphers to the end of the remainder, 
and extracting the ſquare root, the reſulting number 
will be the ſeet, which the projectile will move in a 
ſecond: not differing from the truth by much more 
than + part. And if the velocity was given, and 


the potential random was ſought; this may be deter- 
mined from the ſame principle: for multiplying the 


feet the body moves in a ſecond by itſelf, and adding 
to it its x part, this fum, when the two laſt figures 
are cut off, will exprels the correſponding potential 


random in yards. 


And now having delivered the eſſential rules for 
computing the potential random, and the original 
velocity of ſhells or bullets fired from given pieces 
with given charges of powder; and having in a for- 


mer paper given the method of computing the 


actual ranges of theſe bodies; l have hereby com- 
pleated all the precepts, which are neceſſary for 
comparing the reſult of any experiment with the 
theory. | | 


And 
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And as an example of this compariſon, I pro- 
poſe in the next paper to give a detail of a great 
variety of experiments, made in various parts of 
Europe, together with computations from the the- 
ory adapted to them; whence thoſe, who enter- 
tain any. doubts about the truth and ſufficiency 
of the * I have hitherto advanced, may be 
furniſhed with ample materials for the diſcuſſion 


of their doubts, and may thence, I hope, be fully 


convinced, that the coincidence between theſe di- 
verſified trials and the preceding rules can only 
ariſe from the reality and certainty of the principles, 
on which theſe rules are founded. 
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A compariſon of the experimental ranges 
of cannon and mortars with the _ 


© ory contained | in the Fa Papers. 


ED P F TE R luke 3 in the preceding 
9-21 - p 


papers, No. II. and IV. the principles 
for calculating both the velocity a bul- 
let acquires from the exploſion of the 
powder, and the diſtance it ranges to, 
at a given 8 in conſequence of the air's reſiſt- 
ance; I ſhall now compare the reſult of theſe com- 
putations with the actual motions of military pro- 


jectiles. And in this compariſon, J hope, there will 


appear ſuch a coincidence of theory with experiment, 
as cannot be ſuꝑpoſed. to. take · place in any falſe or 
fallacious hy potheſis. Eſpecially too, as all the ex- 

eriments, | | all here produce, are ſuch, as have 
—— made by others; many of them long ſince 
printed, and all of them originally inſtituted with 


views very different trom-the ſubject of this eſſay. 


So that it cannot be pretended, I have wreſted the 
reſult of them to make them ſuit the better with a 
favourite prepoſſeſſion. 

As it may perhaps be ſuſpected, that the ſtrange 
coincidence between the trials and our theory, which 


on examination frequently takes place in this ſubject, 


is principally owing to the errors in the different parts 
of the theory balancing each other, ſo that, for in- 
ſtance, the torce of powder may be aſſigned too little, 
and the reſiſtance of the air too great, or vice verſa: 


7 6: 2 | 0 
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to obviate this ſuſpicion, I ſhall firſt eſtabliſh the 
truth of my determination of the force of fired pow- 
der, by examining the range of ſhells projected from 
large mortars. For in theſe the reſiſtance of the air 


zs on all accounts of much leſs efficacy than in cannon- 


ſhot. So that here a conſiderable change in the law 


or quantity of the reſiſtance would occaſion but ſlight 


alterations in the ranges; and therefore, if the actual 
experimented ranges of theſe bodies correſpond to 
the quantities aſſigned by our rules, we may reft 
fatisfied, that the real velocity, they acquired from 
the blaſt, 1s not very different from what, we have 
aſcribed to them; and conſequently, our theory of 
the action and force of fired gunpowder may be 


ſafely applied to ſwifter and minuter projectiles, 


Our firſt example ſhall be of the 13 inch ſea- 


. mortar, containing in its chamber 30 lb. of powder; 


theſe mortars are generally in length about two dia- 
meters of the bore, independent of the capacity of 
the chamber, ſo that the whole muſt be eſteemed 
more than 2+ diameters. By an extract from the 
books of practice kept at VWoolwich ] learn, that this 
mortar elevated to 435, and fired with a full charge 
of powder, throws a ſhell of 124 inches diameter 
to the diſtance of 3350 yards, the ſhell weighing 


231 1b. x 


This ſhell is nearly + of the weight of a ſolid iron 
bullet of the ſame diameter, and the powder is r 
of the ſhell; by computing on the principles laid 
down in rule the 5th of the preceding paper, the 
potential random will come out very near 5000 
yards, and the F will be 3060 yards. But as this 
ſhell in its flight riſes to the perpendicular height of 
about 1000 yards, where the air 1s rarer by near + 
part than below. On this account the medium re- 
ſiſtance will be diminiſhed by about g part, and 
augmenting the F in the ſame proportion, it becomes 
3264, whence, by the corollary of the 2d propoſi- 
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tion of our 2d paper, the actual range comes out 


3230, differing from the experiment by no more 


than 120 yards; fo that with this prodigious charge 
of powder, by far the greateſt uſed in any milita 
projectile; the actual velocity of the ſhell differs but 
inconſiderably from what, is aſcribed to it by the 
preceding theory. 

The ſame mortar fired with 26 1b. of powder, and 
elevated to 45, threw its ſhell to the diſtance af 


3100 yards. 


Here the potential random by our rules is about 


4330 yards, and, retaining the F of the laſt exam- 
ple, the actual range by our computation comes out 
2930 yards, which is ſhort of the experiment by 170 
yards only. = 
At the ſame time, that I procured an account of 
the experiments from Moolwicbh, 1 learned, that a 
ten inch ſhip-mortar elevated to 45%, and fired with 
a full charge of powder, which was 12 1b. threw its 


| ſhell of 96 lb. weight to the diſtance of $350 yards. 


This mortar was above a diameter longer than the 
thirteen inch martar of the laſt example, ſo that it 
cannot be eſteemed ſhorter than 3,6 diameters; and 
the ſhell is about f of a ſolid bullet; whence, com- 


puting on the foregoing principles, we ſhall find, 


that the potential random aſſigned by our theory is 


about 62 30 yards, and the F 2057 yards, which, 


properly augmented for the diminiſhed denſity of the 
atmoſphere in the upper part of its flight, becomes 
2200 yards nearly, and thence the correſponding 
actual range ſhould be 31 90 yards, which 1s no more 


than 160 yards ſhort of the experiment. 


The next example ſhall be of a thirteen inch mor- 
tar for land ſervice, being two diameters in length, 
its chamber capable of containing above glb. of 


= and its ſhell weighing uſually about 20olb. 


his mortar elevated to 45*, and charged with 9lb. 


'10z. of powder, threw its ſhell to 2000 yards 


OHiſtance, | Com- 
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Computing upon the former principles, we ſhall 
find the potential random of this ſhell to be about 
2727 yards, and the F to be 2672 yards; whence 
the aCtual range aſſigned by our rules is 1980 yards, 
only 20 yards different from the experiment. 

The ſame mortar elevated ſtill to 45?, and charged 
with 4 1b. of powder, threw its ſhell to 1000 yards 
diſtance. In this inſtance the potential random is 
about 1200 yards, and the actual range thence comes 
out ſomewhat more than 1050 yards. So that here 
too the experiment -and the computation differ but 
little from each other. LN 

I have in this manner examined the ranges of 
mortars of all diameters, and I find, that unleſs the 
charge bears a very ſmall proportion to the weight 
of the ſhell or to the capacity of the chamber, the 


computations and the experiments correſpond to a 


ſufficient degree of exactneſs; and even in ſmall 
charges, when proper care is taken to fit the bullet 
or ſhell to the piece to prevent the exhalation of the 
flame, the actual ranges in moſt caſes differ but 
very little from the computation. | | | 
From the coincidence of theſe diverſified trials 
with our computation, we may ſafely conclude, that 
the force and mode of action of fired powder is nearly 
ſuch, as our theory ſuppoſes; and that therefore this 
theory may be ſately adhered to in determining the 
potential randoms of every kind of artillery. For, 


in the examples we have exhibited, the reſiſtance 


of the air is of much leſs efficacy than in cannon- ſhot: 
ſo that we cannot err much in deducing, the real 
motions of theſe ſhells from their experimented ranges. 
Having thus therefore, as I preſume, eſtabliſhed that 
part of the theory, which relates to the action of 
powder; we will now proceed to the diſcuſſion of ſuch 
experiments, as are beſt fitted to confirm the other 
art relating to the reſiſtance of the air. This will 

: beſt done by the ranges of cannon-ſhot; the exa- 
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mination of which therefore ſhall be the buſineſs of | 


the remaining part of this eſſay, _ 
I. ſhall begin with thoſe recited by St. Remy in 


his memoirs of artillery Vols. page 69; where 
he tells us, that pieces of cannon of the cuſtomary 


calibres, all of them 10 feet in length, pointed 

at 45 and loaded with two thirds of the ann 

of the bullet in 8 mad thus. 
Ib. 


toiſes. 
The piece of 24 —— | — 2250 
of 16 — 2020 

of 12 — 1870 


of. 2 — — 1660 
. — 1320 
according to the 4 length of theſe pieces, and 
the diameters of the reſpective bullets mentioned 
by St. Remy, the — in Engliſh yards, 


and the F correſponding to n bullet in nn 


e are ncauly: theſe. > | 
b. Potential Random P to each 


Pieces of, 24 300 O0 yards 8235 toifes . 
16 32400 3720 
12 34000 71:5 640 
K sees s 570 
4 40000 450 


But before we hence compute the actual ranges 


from our theory, it is neceſſary to obſerve, that 


theſe ſhot at the higheſt part of their flight move 


in air having little more than of the denſity of 
the lower part of the atmoſphere; and therefore the 


F above alſigned to each of theſe bullets ought to 


be encreaſed by : part. When this is done, and the 
potential randoms are reduced on account af the 
treble reſiſtance in the manner formerly explained; 


we ſhall find the actual ranges deduced from cur 


theory to differ but inconſiderably from the experi- 


mented ranges given us by St. Remy. This will 5 | 


_ oy the — of the ſubjoined table. 
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; pieces. Experimented ranges. Actual ranges. Errors of theory. 


5 | by our theory, PE 
Pounders, Toiſes, Toiſes. Toiſes. 
24 2250 223yy19 5 
16 2020 2100 80 
12 1% 1990 120 
BR. 45 $660 1804 144 
4 1520 1559 - 38 
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Sr. Remy in the fame place tells us, that pieces 


of the ſame bore with thoſe already mentioned, but 
ſomewhat ſhorter, 'were tried with half the former 
charge, or only + of the weight of the bullet in 
powder, and that at 45 of elevation they ranged 
nearly at the ſame diſtance as the others. How 
well theſe experiments correſpond to our theory, let 
the annexed numbers declare. 


Short pieces fired Experimented Actual ranges Errors of theory. 
with J of the ranges. by our theory. 
powder only. -"Toiles | Toiſes. | Toiſes. 


"AS © 2250 Tis: — 8&5 
16 - 2020 2020 _ 
12 13870 1929 
8 1660 1740 —+ 80 

4 11820 1510: — 10 

Our theory is ſtill farther confirmed by the trials 
made by the French at La Fere in the year 1739, and 
at Metz in the year 1740. As manuſcript accounts 
of both theſe fets of experiments have caſually fallen 
into my hands, I ſhall here. relate the principal ex- 


, © q 


* nnr \ . 
periments occurring therein. | g 
The trials at La Fere were made with the uſual 


pieces of all the preceding calibres, charged with 


various quantities of powder, and elevated to 4, to 
15*, and to 45. The 24 pounder was beſides fired 


at eight different elevations from 4 to 45%. At Metz 
no other piece but a 24 pounder was made uſe of; 


this was conſtantly elevated to 4, and was loaded 


ſucceſſively with different charges of powder from 


8 lb. to 20 lb. 5 
As 
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As the trials at La Fere, made at 45* of eleva- 
tion, do not materially differ from thoſe recited by 


St. Remy, they require not a new examination. We 


ſhall therefore proceed to the experiments with the 
24 pounder at ſeven different elevations ſhort of 45. 


In theſe the charge was always 91b. of powder; the 


actual range at each time, and the correſponding 


numbers aſſigned b 
following table. 


Ditto by 


y our theory, may be ſeen in the 


Errors of 


Angle of Actual range of 24 
elevation, pounder at La Fere* our theory, theory, 
| Toiſes. Toiſes. Toiſes. 
63:0” 2050 . 2096 J. 46 
35 2020 2080 ＋ 60 
30 1910 2032 + 122 
25 1825 1930 —＋ 105 
20 1740 1820 ＋ 80 
15 1675 3865 
4 820 . 


5 
3 
3.3 
9 
* = 
Fo 

E 
3 
* = 
* 
: 
* 3 
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In theſe computations I have made no allowance 
for the aſcent of the bullet into a rarer air, which 


would ſtill enlarge the computed ranges, and en- 


creaſe the errors of the theory. And though even 


then the agreement between our numbers and the - 
actual ranges is much greater, than might be ex- 


pected, conſidering the variety of theſe trials, and 


the uncertainty and irregularity, which conſtantly 


intervene in all experiments of this nature; yet I can 
venture to predict, that, if theſe trials are repeated 


with due care, and neceſſary precautions are taken, 


the difference between their reſult and our numbers 


will be ſtill lefs, than what 85 in the foregoing 


compariſon; there being ſeveral reaſons, not neceſſary 
to be here diſcuſſed, which render all, that was done 
at that place, leſs proper for the examination of a 


But to proceed. 2 


theory, than what was afterwards executed at Metz. 


- 
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The next trials in order were thoſe made at La 


Fere with other pieces at different angles. All theſe, 
with the correſponding numbers deduced from our 


theory, I have comprized in the annexed table: where 


[ muſt. obſerve, that the ſame angle, which in ſome 
places of the manuſcript is denominated 4*, in other 
places is preſumed to be 3. And if this be allowed, 
our numbers, which in theſe ſmall angles at preſent 


are defective, will then agree to the trials without 
ſenſible error. 


Pieces. Pounds Angle A Qual Actual range Errors of 


of elevation. range. by theory. theory. 

powder. Toiſes. Toiſes. Teoiſes. 

16 6 15 1780 1540 240 
16 6 4 825 707 118 
I2 4 15 1500. was 60 
12 4 4 820 680 140 

8 3 15 1440 1320 120 

8 3 4 790 050 120 
44 15 1500 1200 300 

4 2 6------- On 780 82 


to 4*; but as it was placed 78 feet above the plain, 


Having now done with the experiments made at 


La Fere in 1739, where from the nature and intention 
of the trials, and the exceptionable manner of ſe- 


lecting them, a nearer coincidence with a true theory 


could not be expected: we will next proceed to the 


compariſon of thoſe made at Metz the year following; 


theſe were executed with much more care and atten- 


tion, and are related with more candour and diſtinct- 


neſs; for here the reſult of each trial is ſet down; 
whereas in the others the mediums only were given, 


and theſe too curtailed according to the fancy of the 


relator. The only piece made uſe of at Met was a 
24 pounder 10 feet in length, as I have already ob- 


ſerved; this was loaded with different charges of 


powder from 8 lb. to 201b. It was conſtantly elevated 


on 


EDS 


43; 


as 4 


JJC ˙ A OP I 8 . N 
- * „* — 3 - ol + * 
8 D IE ER * 
* wy OI Yr = Rs 


4 4 C4 n y 
7 5 E Sp TE : 
ARS; e 


. 
oe 
* 


” : * D 7 * — 7 5 ers — * ö 2 4 
” Y > © « 2 r „ Gp. Þ _— W 80 92 * 2 4 a n Yrs 3 3 ny 4; <4 ph ey — 
1 N 1 2 OT IR en * r — 22 S es Long ͤ ae en 5 Ro D 
VE * 2 1 * 1 r : * h enn * 8 N nin 2 N : + - G 1 e * . 2 x . * 2 ey” 
88 - hd Ea 1 3 SPY th IEEE een enen n do's 3 3 . D wr. bot 8 N . * 8. w $4 n . OO SEO OE Ts 
n n A Mr 24 ee eat OO . bo 1 p 2 oy « — 8 y 3 N Fe p 
2 "3 * =2 IS 1 4 4 * 2 1s. ee pad > , = 2 — PI Ry bra 21 * - -” 8 * 2 n ENS 2 ** 2 8 


E PR 
a 


2 3 I 


< 
2 
KS 
* 3 
S 
ES 
* 
Aa 
1 
* 
t 
$ 4 
cg . 
4 — 
Ty 
. 
* U 
3 
iS 
oF £ 
FR 
fe 
— 
6 
7 
a 
8 
uy 
8 
4 3 
n 
+. 7 
1» þ2 
S 
by. 
if 
+4 N 
31 
% 
* 
z 


N 


* 


„ e d eee 
WWW 
A e . 


238 TiKk Ke 


on which the bullets fell, this amounts at a medium 


to another degree of elevation; eſteeming therefore 


the angle to be go, the reſult of all theſe trials 
(which were continued for three days) is here repre- 
ſented, together with the correſponding ranges de- 
duced from our theory. e 


Pounds Actual | Ditto. by Errors of 


"ono range, our theory. theory, 
powder. Toiſes. Toiſes. E 1b 
— 7799. — O36. = 7 
__ ? 
— — 887 — — — — 5 
7... 5 mW} Is 
Gs} — 855 6d!!! 182 
— — 3 11212zxk!(( JJ QI 
( —— 101 
e ae Ran 7 
__—_ OOO. OT 
:: — BJ 
— — 822 „ — _ 21 
— — 85 — — — — 15 
38466 K 1% 
— — 8088 — — DH + 33 
— — 1010 — — — — 167 
— — 7335 — — — - 108 
. „ —˙ .. m9 
— — 783 — — — 4 7ç 65 | 
10 — 834 — 850 — + 16 
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From che inſpection of theſe numbers we may 
collect the ſtrongeſt proof of what, we have fre- 
quently aſſerted upon other occaſions; ** That our 


theory differs leſs from the experiments, than the 


experiments do from each other.“ Since here, in 


the repeated trials with nine different charges of pow- 


der, the leaſt of 8 Ib. and the greateſt of 201b. there 
is but one charge only, and that repeated but twice, 


where the differences from the theory fall the ſame 


way. I therefore cannot doubt, but if a like feries of 
trials with theſe were made at much greater 
6 the 


. -_ 
<3 7 pp th n - 
. N if RL 1 os 9 rl ue; LEE N 8 - 
* , Rt 215d A <6 2 >. ; hg 
4 8 6 3 . ym 8 * Y p q I 
0 3 "Lf JEET WE wee : 3 "5 2446 Wea x 
n * X — oh 1 % * 8 


* 
OS 
*% 1 
1 
x — 
- KEY 
"7" 
ns 
"8 
Wh - 
- . 
. 5, 4 
0 þ . * 
* > 
" TR 
J AH 
=» 
—— 
* ö 
4.0 
£3 
ES 
e 
1 
$4 y 
"= 1 
* 14 
F . 
8 - 
: i 
: 
* 
- 
—_— 
we 
_y 
Ol 
* 
bp. 
== 
- 3 
': 335M 
I 
= 
. x 
_ 
2 * 
E 
1 
3 
* E. 
v4 
.«\ 
3 
1 
3 
0 
Fs 
LI. 
„ 
A 1 
. IS 
RY 
* * 
. 4 
-- lt 
* 1 
> 
1 
1 
- > 
bp 
#8 
Wo 
if 
"a. 
$A 
1 
1 
W 
"XY 
"=. 
2 
Wn 
Wu 
3:5 
Th IY — 
2 
$7? 
- JM 
88 
* cx) 
2 Wd 
i. 
—— 
3 
"EY 
I 
1 
* 
2 
* 
2 
- 
4 12 „ 
IS 
ME 
me 
* 
SS 
[26 : 
OR 
» 1 
1 
I 
1 
* 
ys. 4 
5 
38 
e 
N — : 
br” 
2 
"SY 
BY : 
7 
1 
0 
3 
3 
7 
1 
$ 
* 
11 
c 
1 
* 
"= 
.FY 
1 
* 
£4 
* 1 
4 
: 
3. 
1 
x. 
+ 
- 
1 
* 
* 
£2 
* 
1 
5 
8 
7 
"4 
2 
1 
14 
A 
: 
9 4 
4 
2 
9 
1 
. 
; 
7 
2 * 
by 
If 
As 
5 
| 
* #4 
XN, 
4 
” o 
"YN 
4 


1 * wy 
r og a - 
n nud 


rec 54 - 
EN TIVCRES 125095 TNT 
"= * — * © aa? a 
e * i 
62 1 $0. ID . * y 
22 ea coined 


. 


_ 2 os a Xx 
Sh 


— 


— 


Wd x 


$2 
"IA 


Ls -p 


Bw Tikka C3 $6 
the reſult would be altogether as conſonant to our 
numbers, though it is evident enough trom the pre- 
ceding table, that little regard can be paid to ſingle 
trials; ſince in the two experiments with 20 lb. of 
powder, the difference in range is 259 toiſes, and 
with 9 lb. of powder the difference of two ſubſequent 
ranges is 275 toiſes; whereas the theory in no inſtance 
differs from the medium of any of theſe trials more 
than 75 toiſes. Hence I conclude, that till a num- 
ber of trials ſhall. be made at large angles; it cannot 
be determined, whether the great differences, which 
occur in the examination of ſome of the ranges at 
La Fere, are to be imputed to the theory, or to the 
uncertainty and inſufficiency of the trials themſelves. 
Ibe trials hitherto conſidered might abundantly 

ſuffice for the confirmation of our principles; but 
before I conclude this ſubject, I chuſe, for particular 
reaſons, to examine the experiments made at Wool. 
wich in the year 1736 with 24 pounders of different 
lengths. Theſe experiments were undertaken on a 
falſe preſumption, that there was a certain length for 
cannon, which enabled the piece to ſhoot more effi- 


caciouſly, than it would do, if it were either longer 


or ſhorter. To determine this proper length, pur- 
ſuant to this erroneous hypotheſis; fix 24 pounders 
were caſt of the ſame weight, the ſhorteſt eight feet 
long, and the longeit ten feet and a half. Theſe 
were all loaded alike, and were elevated to 7, at 
which elevation five ſhot were made with each, and 
the mediums taken; whence an eſtimate was pro- 
| poſed to be made of the effects of theſe different 
lengths, and it was from thence decided, that the 
pieces of 9 and 9 feet long, ranged fartheſt. 
Before we cr the reſult of theſe ranges with 
our theory; it will not be impertinent to confute the 


fallacious determinations, which have been from thence 


deduced. By our theory the longer pieces ought to 
range fartheſt; but the yacietics are too minute to 
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be aſcertained by trials of this kind. Since on our 
principles the ranges with the pieces 9 and 9+ feet 
long ought not to differ by more than 35 yards 
from the ranges of the ſhorteſt and the longeſt. 
And yet two ſubſequent trials with the 9 feet piece 
differ from each other 650 yards; and the medium 


of the trials with that piece on different days (for 


they were repeated three days ſucceſſively) differ 
from each other 300 yards. It appears then from 
hence, that it will be a vain attempt to endeavour 
to aſcertain the effects of cannon of unequal lengths 


by trials of this nature, which on a repetition vary 


twenty times more from each other than the whole 
difference by this means propoſed to be diſcovered. 
But to proceed. 


If in theſe experiments the powder was half the 
weight of the bullet (which, I conceive, was nearly 


the caſe) the potential random then to pieces of g 
and 9 + feet long, which are the mean lengths, will 
be by the theory about 25020 yards, which reduced 
on account of the treble reſiſtance becomes abour 
16200 yards, and the diameter of a 24 pound ſhot 
being nearly 5 and 4 inches, F is 1700 yards, 


whence the actual _ at 7 + is about 2400 - 


yards. And as theſe ſhot all fell into the water, 


if the ſurface of the water be ſuppoſed io yards 


lower than the platform, on which the pieces were 
placed, the range will be augmented at a medium 


near 60 yards more on. that account; whence the 


whole becomes 2460 yards, which is ſufficiently con- 
ſonant to the trials; for I find, that a medium of 
all the ſhot made with the different pieces was on 


one day 2584, and on another day 2524, and on 


the third day 2470, where the greateſt difference 
is on the firſt day, and amounts to 124 yards; 
which, after what has been obſerved of the irregu- 
larity of theſe trials, muſt appear an error too ſlight 
to be regarded. 
Volk + . And 
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And here I might ſafely finiſh this examination; 
but as Eldred, our countryman, who, above a hun- 
dred years fince, was maſter-gunner of Dover caſtle, 
hath delivered tn his writings ſome trials made in 
very unuſual pieces with uncommon charges of 
powder; I ſhall conclude with inſerting a few of his 
experiments, both to ſhew their conformity with our 
theory, and as a matter of curiofity likewiſe, 
The firſt experiments, I ſhall relate from him, 
were thoſe made with a demi-culverin 10 feet 8 


inches long, carrying a 9 pound ball, and loaded 


with 7 Ib. of powder. | 
This piece elevated to 10˙ and having 2* more on 
account of the advantage from the height of the clift, 
upon which it ſtood, ranged to the diſtance of about 
2840 yards. | 85 
If the powder uſed by Eldred was of the ſame fa- 
brick with the preſent government powder, the poten- 
tial random would be about 38400 yards, which re- 


duced for the treble reſiſtance becomes 18600. And 


* 


F being 1200 yards, the actual range at 120 is by 


the theory 2820 yards, agreeing with great nicety 
to the experiment. : 


* 


are thoſe, he made with what, he ſtyles the baſiliſk. 


This is the long piece well known to all, who have 
feen Dover caſtle. Eldred tells us, that this piece, 
which carries a 10 lb. ſhot, and is 23 feet in length, 


was tried by him ſeveral times with a load of 18 lb. 


of powder, and that at two degrees of elevation, it 
ranged 1200 yards, and at 4“ 4 it ranged little ſhort 


o 


of 2000. 


This piece may be eſteemed about 65 diameters in 


length, and according to our theory the potential 


random with 18 lb. of powder ſhould be about 


$4000 yards, which reduced on account of the treble 
reſiſtance becomes 24200 yards, and the F to a 10 lb. 
ſhot being 1240 yards, and the actual range at 4 ; 

: I | . «ws 15 


But the moſt ſingular trials, related by Eldred, 
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is by computation 2080 yards, and the actual range 
at 2* about 1180 yards, both of them extremely 
near Elared's experiments; only it muſt be obſerved, 
that in very ſmall angles, and very large potential 
randoms the method of reduction, we here follow 
on account of the treble reſiſtance, will give the 
actual ranges ſomewhat leſs than their true quantity. 

I muſt obſerve, that theſe laſt experiments, with 
the bafiliſk, furniſh an inconteſtable proof of the 
prodigious augmentation of the refiſtance in great 
velocities beyond its cuſtomary rate; fince from 
other experiments I am fatisfied, that this piece, with 

_ 21b. of powder only, or 5 of the charge given by 
Eldred, would have ranged at 4* 4 to full 1500 
yards, unleſs its windage is enormous. So that by 
augmenting the charge ninefold, the actual range is 
only encreaſed in the proportion of 3 to 4. Nor 
let it be ſuppoſed, that in this great charge the 
rules for computing the velocity of the bullet, or 
its potential random may prove defective, on ac- 
count of the immenſe celerity, with which the flame 
of the powder muſt expand to continue its impulſe 
all through the cylinder; let not this, I ſay, be 
ſuppoſed, ſince by experiments, which 1 myſelf 
have formerly made, and which are recited in 
another place; it appears, that in a barrel ſimilar 
to the baſiliſk, but-of a ſmall bore, a charge of 
powder, which filled up + of the piece, and there- 
tore in proportion to the piece was greater than 
that uſed by Eldred, was not found in its effect to 

be deficient from theory, but rather exceeded it, as 
indeed all large charges inſtead of falling ſhort of 
the force to be expected from them in proportion 
to their quantity (which according to the vulgar pre- 

_ poſſeſſions on this head ought conſtantly to happen) 
do never fail to receive ſome additional efficacy from 
their encreaſed quantity, beyond what is aligned 
by theory; ſo that I do not conceive, the potential 
55 | 0. random 
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random, aſſigned above to the ſhot made with the 


baſiliſK, was more than it actually received, unleſs 
the powder was inferior to that uſed at preſent, 
which, 1 know not, that there are any reaſons to 
believe. If then the potential random of theſe ſhor 


made by Eldred is nearly of the quantity exhibited 


by our computation, or about 84000 yards or 47 
miles; it follows, that its actual range at 4*2, as 


tried by Eldred, is not the ſeventh part of the poten- 
tial range at the ſame angle. And its actual range at 


45˙, 1 affirm, will be little more than the twentieth 
part of its potential random, or its range at the 
lame angle in a vacuum; ſo prodigious are the effects 
of the air's reſiſtance on theſe ponderous bodies, 
Theſe are all the experiments I have thought 
neceſſary to inſert in the preſent eſſay; not that 
they are a tenth part of thoſe, I have collected and 
computed for my own ſatisfaction. I have choſen ex- 


—— made by others, rather than ſuch as have 


en made by myſelf, that no ſuſpicion might ariſe 
of their being unfairly twiſted to a concurrence with 
my theory. And I have ſelected ſuch, as were made 


with large mortars and cannon; becauſe it hath 
been urged againſt the experiments formerly recited 


in my new principles of Gunnery, that as they were 


made in very ſmall pieces, their coincidence with the 


theory was no proof, that in large quantities of 
powder the ſame would take place. 75 


* * The following tratis alſo have been never yet 
publiſhed, except the ſecond, which is now reprinted 
from à copy corretled by the author. 


ta 


Practical 


Practical maxims relating to the effects 
and management of artillery, and the 


flight of ſhells and ſhot. 


H E preceding papers containing the 
general principles of the real motions 

of projectiles; it might perhaps be ima- 
gined, that after the many proofs already 


given of the coincidence of theſe prin- 


ciples with the actual motions of ſhot and ſhells of 
different kinds, nothing more need be added, in 


explanation or confirmation of this new theory. But 


as it frequently happens, that the cleareſt deductions 
are of little efficacy againſt the influence of long eſta- 
bliſhed prejudices; 1 therefore thought it might not 
be altogether uſeleſs to treat ſome of the articles 
relating to this ſubje&t in a more popular manner; 
as I conceived, they would be more readily conſidered 


in that form, by thoſe, whoſe prepoſſeſſions would 


prevent them from a too laborious attention. And, 
as this eſſay is principally intended to rectify the er- 
roneous opinions, which at preſent prevail in relation 
to the nature and effects of artillery; I thought that 
purpoſe would be moſt effectually anſwered by di- 
ſtinctly diſcuſſing thoſe opinions and evincing their 
falſehood, and the fallacy of the experiments on 
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vhich ſome of them are pretended to be founded, 


For though the eſtabliſhing the true principles of any 
art by inconteſtable proofs may be thought a ſuffici- 
ent confutation of all ſuch ſuppoſitions, as are con- 
trary thereto; yet with ſuch, as are biaſſed by au- 
thority, preſcription, and habit, this general argu- 
ment is of little moment; it being neceſſary for their 
conyiction (if that be at any time poſſible) to enter 
into a formal examination of their favourite hypo- 
theſis, whatever it be, and to ſhew where and in 
what manner their concluſions are defective. This 
being premiſed, we now. proceed to our maxims. 


MAXIM I. 


In any piece of artillery whatever, the greater 
quantity of powder it is charged with, the 


greater will be the velocity of the bullet. 


It is vulgarly ſuppoſed, that the powder, with 


which any piece is loaded, fires gradually all the 


time, the bullet is paſſing through the barrel; and 
thence it has been concluded, that there was a certain 


charge, which would be juſt conſumed at the parting 


of the bullet from the mouth of the piece. This, it 
was determined, was the proper charge for the piece 
in queſtion; and if more powder than this was made 
uſe of, it was preſumed, that the added part would not 
take fire, and therefore would by its weight diminiſh 
the action of the reſt: ſo that from this reaſoning it 
followed, that by augmenting the powder beyond the 
ſuppoſed proper charge, the velocity of the bullet 
would be diminiſhed. And it is uſually imagined 


by the modern artilleriſts, that this proper charge 


3s not more than one half, nor leſs than one third, 
of the weight of the bullet in powder. | 
This 1s the ſubſtance of the uſual ſpeculations on 
the preſent ſubject; every part of which is altogether 
1 EA x Me erroneous 
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erroneous. For neither does powder fire in the gra- 
dual manner here ſuppoſed (as we have amply de- 


monſtrated in another place) nor is there any practi- 


cal charge ſo great, but that, if it be augmented, 
the bullet will be thereby more vehemently impelled. 
For, examining a piece of the ſmalleſt bore in gene- 


ral uſe, and which was about 30 diameters in length, 
I found, that when with an iron ball and one half of 


its weight in powder it was fired againft a beam of 
oak placed ten yards from the muzzle, the bullet 


penetrated at a medium to the depth of about five 
inches; but when fired with three times that charge, 
or once and a half the weight of the bullet in pow- 
der, the penetration into the ſame beam was not leſs 
than 10 inches. I have made many trials of this 
kind (for in ſmall pieces there is little difficulty in 


_ repeating them) and I have never failed to obſerve, 


that increafing the charge, at leaſt as far as to twice 
the weight of the bullet, always augmented the pe- 
netration of the ball into a ſolid body; whence its 
augmented velocity is eaſily evinced. And if it is 
aſſerted, that in larger pieces, whoſe lengths are leſs 
in proportion to their bores, the ſame effects would 


not take place: I ſhould anſwer, that if the method. 


of proving a 24 pounder (the largeſt piece in common 
uſe) be attended to; the circumſtances occurring 
therein will be a ſufficient confutation of this aſſertion. 
For if the heat of the piece, the violence of the ex- 
ploſion, and the penetration of the bullet into the 
butt of earth be examined; it will preſently appear, 
that with the whole weight of the bullet in powder, 
or even two thirds of that weight (the uſual quanti- 


ties for proof) the velocity of the ſhot is much greater 


than with the cuſtomary charges, which are about 
half theſe quantities. Since if (as is uſual) the butt 
of earth for receiving the balls be but little removed 
from the mouth of the piece; it will be found, that 
the depth, to which the bullet pierces, with the 

4 | Proving 
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proving charge, will be more than a third part greater 
than with the charges commonly allotted for ſervice, 
Hence then we may conclude, that the ſuppoſition, 
that an augmentation of powder beyond the uſual 
quantity diminiſhes the effort of the bullet, is in 
every inſtance erroneous. | 5 

If it be demanded, how an opinion, which is to be 
thus eaſily confuted by facts, which occur in almoſt 
every day's practice, could be ſo long and fo eagerly 
ſupported; I anſwer, that the plauſible hypotheſis of 
the gradual firing of the powder did doubtleſs firſt 
give riſe to it. And when it was once advanced as a 
matter of ſpeculation, there were not wanting thoſe, 
who pretended to confirm it by experiments on the 


ranges of pieces differently charged. What theſe 
experiments were, and wherein their fallacy conſiſted, 


ve ſhall explain more at large hereafter. 

I have, in the eſtabliſhing this maxim, confined 
myſelf to the conſideration of the charges and pieces 
in general uſe. For if a piece be ſo ſhort, or the 
charge be ſo great, that the powder takes up about 
+ of the whole cavity of the cylinder; then indeed 
an augmentation of powder will not increaſe the ce- 


lerity of the bullet, as I have determined elſewhere 


upon principles too complicated to be here explained. 


But this is a caſe, which can never occur in practice 
and therefore the conſideration of it may be ſaiely 


neglected in diſcuſſing the miſtaken opinions of 
_ practitioners. | | 


MAXIM I. 


If two pieces of the ſame bore, but of differ- | 


ent lengths, are fired with the ſame charge 
of powder, the longer will impel the bullet 
with a greater celerity than the ſhorter, 


The 
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The ſuppoſed gradual firing of the charge, diſ- 
cuſſed above, hath been alſo applied to the conſider- 
ation of the length of pieces; whence it hath been 


uſually concluded, that there is a certain length, 


which, if a piece exceeds, the velocity of the ſhot 
will be thence diminiſhed. And ſome practitioners 
have determined this length for a 24 pounder, when 
fired with halt the weight of the bullet in powder, to 


be about twenty times the diameter of its bore. 


As ſome of the extraordinary culverins, caſt many 
years ſince, are about 60 diameters in length, and 
the ſhorteſt cannon in general uſe contain no more 
than 20 diameters; I have therefore examined the 
penetration of an iron ball into a block of wood, 
when fired from a ſmall piece, which was firſt 60 
diameters long, and was afterwards reduced to 20 
by cutting. The charge was each time half the 


weight of the bullet in powder, and I found, that 


with 60 diameters the penetration at a medium was 
above half as much again as with 20 diameters. And 
I dare affirm, that whoever ſhall make theſe experi- 
ments with pieces of any bore whatever, will find 
the reſult not much different; provided due care be 


taken, that the powder be in good condition, that 


the ſubſtance into which the ball penetrates be placed 


ſo near the piece, that the reſiſtance of the air may 
occaſion but little alteration, and that the ſubſtance 


itſelf be of a uniform texture. | 

Since then the old culverins, which are more than 
20 feet long, and which from their unſizeable and 
unmanageable length have been long ſince laid aſide, 


do yet impel their bullet with more violence than 


any piece of a ſhorter fabrick; it may be ſafely con- 
cluded, that within the limits of practice there is no 


piece ſo long, but if its length be augmented, an 


addition will thereby de made to the impetuoſity 


of its ſhot; and conſequently our maxim may be 


ſafely adbereg te in all practical diſcuſſions on this 
15 | | | labjcQ. 
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ſudject. Indeed if the force of the powder, either 


by exhaling or expanding, be ſo far diminiſhed, 


that it becomes leſs than the reſiſtance and friction 


of the bullet in the piece; then the piece by being 


ſhortened will ſhoot with more efficacy: but this is 
a caſe, that with the cuſtomary charges cannot hap- 


pen, except the lengths greatly exceed any ever yet 


tried. And therefore the conſideration of this caſe 
would be altogether ſuperfluous in ſettling the max- 
ims, by which the practice of artillery ought to be 
regulated. 


MAXIM III. 

If two pieces of artillery different in weight, and 
formed of different metals, have yet their 
cylinders of equal bores and equal lengths; 
then with like charges of powder and like 

bullets they will each of them diſcharge their 
ſhot with nearly the ſame degree of celerity, 


For as theſe pieces muſt be ſuppoſed of ſufficient 
ſubſtance to reſiſt the effort of the cuſtomary charges 
of powder without ſenſibly changing their figure; no 
good reaſon can be given, why they ſhould differ ma- 
rerially in their effects. Since as to their momentary 


extenſion during the exploſion, and the elaſticity, 


with which they- again reſtore themſelves, though 
theſe may be different in different metals; yet the 
whole of this inequality is ſo ſmall, that the variety 
ariſing from thence muſt be -altogether inſenſible. 
And though the different weights of the pieces is a 


circumſtance, which in rigour will occaſion an aſſign- 


able inequality in the motion of the ſhot; yet, as the 
celerity of the bullet, from the lighteſt cannon ever 


made uſe of, is not in ſimilar trials defective by a 
hundredth part, from what it would be in the hea- 


vieſt; 
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vieſt; the conſideration of theſe niceties may be ſafely 


neglected in our preſent diſquiſition. Indeed, in the 


eſtabliſning of this maxim, I have not relied merely 
on ſpeculation; for I have cauſed ſeveral pieces to 
be made of the ſame bore and length, but of differ- 
ent metals, and very different in their weight and 
ſubſtance; and after a number of trials with each, I 
have never been able to diſcern, that in like circum- 


ſtances there was any conſtant difference in the force, 


with which they diſcharged their ſhot; ſo that we 
cannot but inſiſt on the truth of the preſent maxim 
(at leaſt in all practical views) how oppoſite ſoever it 
may appear to many long eſtabliſhed prepoſſeſſions. 


MAXIM IV. 


The ranges of pieces at a given elevation are no 
juſt meaſures of the velocity of the ſhot; for 
the ſame piece fired ſucceſſively at an inva- 
riable elevation with the powder, bullet, 
and every other circumſtance as nearly the 
fame as poſſible will yet range to very dif- 
ferent diſtances. | . 
The varieties in the ranges of the ſame piece with 
the ſame charge and eleva'ion are ſcarcely credible to 
thoſe, who have not been converſant in trials of this 
kind. Theſe irregularities are vulgarly aſcribed to 
the powder, but were that the true cauſe, it could 
only produce an inequality in the extent of the range; 
whereas we frequently find, that, beſides a different 
length of range, the bullet deviates greatly to the 


right and left of the line, in which it was diſcharged. 


T myſelf have ſeen a piece fired with great care in an 
invariable poſition; and yet two ſucceſſive ſhot of it 
have flown in directions, which on the horizontal 


plain made an angle with each other of above fifteen 


A 2 \ T 
degrees, M Za 1 SYS 
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MAXIM V. 
The greateſt part of that uncertainty in the 


ranges of pieces, which is deſcribed in the 


preceding maxim, can only ariſe from the 
reſiſtance of the air, | 


For as it appears, from what hath been already 
obſerved, that the bullet, after it is ſeparated how 
the piece, is frequently defleQed to the right and left 
of its original direction; there is no other power 
known but the reſiſtance of the air, to which this 
effect can be imputed. 


M A x IM VI. 

The reſiſtance of the air acts upon projectiles in 
a twofold manner; for it oppoſes their motion, 
and by that means continually diminiſhes their 
celerity; and it beſides per 1 diverts 

- 


them from the regular cour 
otherwiſe follow ; whence ariſe thoſe devia- 


tions and nfleftions. of which \ we have been 


Juſt now treating. 


The . of theſe aſſertions will be evinced in 


the diſcuſſion of the fallowing maxims. 


MAXIM VII. 


That action of the air, by which it retards the 


motion of projectiles, though it has been hi- 
therto neglected by the writers on artillery, 
is yet in many inſtances an immenſe force; 


and hence the motion of theſe reſiſted bodies 


is totally different, from what hath been gene- 
rally — The 


they would 


an walk 
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The theoriſts, who have endeavoured to apply the 
ſcience of motion to the ſubject of artillery, have uſu- 
ally premiſed, that the reſiſtance of the air to ſhells 
and cannon-bullets was ſo ſmall in proportion to the 
weight of thoſe bodies, that their motions were not 


| ſenſibly affected by it. Hence it was concluded, that 


the track deſcribed by military projectiles was the 
curve of a parabola. And hence too rules were given 
for aſſigning their ranges at any angle of elevation; 
provided the velocity, they were diſcharged with, 
was known. As theſe rules are undoubtedly true, 


ſuppoling the reſiſtance of the air to be inſenſible; I 


conceived the beſt method of examining, how far this 
ſuppoſition might be relied on, was to compare thoſe 


rules with the actual ranges of cannon and mortars. 


And in making experiments with this view I found, 


that though in the ranges of ſhot diſcharged with 


ſmall charges, and conſequently with minute degrees 
of celerity, the effects of the air's reſiſtance were not 
eonſiderable; yet by augmenting the charge, and 
thereby increaſing the velocity of the projectile, the 


action of the air thereon became more and more vi- 


gorous. And to cannon-ſhot diſcharged with their 
cuſtomary allotment of powder it amounted to an 
almoſt incredible force. I find, for inſtance, that, 
when a 24 pound ſhot is impelled by its uſual charge 
of powder, the oppoſition of the air is equivalent 
to at leaſt 4001b. weight, which retards the mo- 
tion of the bullet fo powerfully, that, if it is fired 
at 45 elevation, its range is not a fifth part of what, 
it would be, were the reliſtance of the air prevented. 


In lighter and ſmaller ſhot this is ſtill more obſerva- | 


ble; for I have made many experiments with a 


wooden bullet fired at 45%, where, inſtead of 15000 
| 8 which it would have flown in a vacuum, it 


as not actually ranged to 200 yards; ſo that the 
reſiſtance has taken away ſeventy- four parts in ſe- 
venty- five of the whole range. N 
: a 
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It is ſufficiently evident, that the ſwifter the pro- 


jectile moves, the ſtronger the reſiſtance acts againſt 


it; and on a nicer examination it will be found, 

that to a double velocity there will be nearly four 
times the reſiſtance, and to three times the velocity, 
nine times the refiftance, and ſo on. But then this 


rule muſt not be extended to the Aden of the 


reſiſtances of two velocities, one of which is leſs, 
and the other greater than that of r200 feet in a 
ſecond ; for I find, that to velocities exceeding this 
laſt· mentioned; ; the reſiſtance is three times as great, 
as would come out by a deduction, from what takes 


Place in ſlower motions. And as we ſhall hereafter 


find, that many of the extraordinary effects of artil- 
lery, which have given riſe to much conteſtation, 
are the natural conſequences of this ſudden trebling 


of the reſiſtance; we therefore think it expedient to 


inſert the ſubſtance of what, we have here obſerved, 
amongſt our maxims, and have framed the 1 two fol 
lowing ones for that purpoſe. | 


MAXIM VIII. 


This retarding force of the air acts with different 

degrees of violence, according as the projectile 
moves with a greater or leſſer velocity; and the 
reſiſtances obſerve this law: that to a velocity, 

- which is double another, the reſiſtance (within 
certain limits) is fourfold, and to a treble velo- 
_ city, ninefold; and fo n. 


MAXIM IX way 


But this proportion between. the. reſiſtances to 
two different velocities does not hold, if one 


of the velocities be leſs than that of 1200 in 


a a ſecond, and the other greater. For in that 


_ caſe the refiſtance to the greater velocity is 
near 


backs, nnd A 


OFT GUNN E RY. 258 1 
5 near three times as much, as it would come 3 
{ out by a compariſon with the ſmaller, ac- i 
* cording to the law explained in the laſt 4 
a mann 5 a 
od The proof of the two laſt maxims depends upon I 
e experiments, which 1 have deſcribed in another 4 
85 place; but which require an ampler diſcuſſion than E 
A ſuits with the nature of this eſſay. | q 
1 In the ſame diſſertation, where thoſe experiments 4 
t, are conſidered, I have alſo ſhewn, that the reſiſtance . 
wy on a 12 pound iron ſhot moving with a velocity 1 
* of 25 feet in a ſecond is equivalent to about an b- 
- ounce avoirdupoize; from whence by the help of 4 
l the two preceding maxims the quantity of reſiſtance | 
8 on any ſhot or ſhell moving with a known velocity 1 
0 is eaſily aſſigned. For inſtance, if the 12 pound ix 
o bullet moves at the rate of 100 feet in a ſecond 1 
- WW _ (that is four times 25) its reſiſtance will be 16 bi 
times half an ounce, or half a pound. And if it 4 
moves at the rate of 1000 feet in a ſecond, which 4 
is 10 times the laſt velocity, its reſiſtance is 100 1 
t times as much, or 30 pounds. But if the velocity 4 
> be that of 2000 feet in a ſecond, or twice the laſt; I 
J then its reſiſtance, inſtead of being only four times 8 
; as much, or 200 pounds, is rreble that quantity, U 
or equivalent to 600 pounds. Ae b 
| If the bullet or ſhell be of any ſize whatever, the I 
: reſiſtance thereon is eaſily deduced from the pro- a 
portion of its ſurface to that of a 121b, ſhot. For j 
two ſhells or bullets moving with equal velocities b} 
| are always reſiſted in the proportion of their ſurfaces. N 
3 MAXIM X. \ 
b To the extraordinary power exerted by the re- | 
ſiſtance of the air it is owing, that, when two 
þ | | pieces, 
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pieces of different bores are diſcharged at the 
fame elevation, the piece of the larger bore 


uſually ranges. fartheſt, provided they are 


both fired with fit bullets, and the cuſtomary 
allotment of powder. 


The matter of fact contained in this maxim can- 
not have eſcaped the notice of any one the Jea(t 
converſant in the practice of artillery; it being ob- 
vious even to the moſt incurious obſerver. Thus a 
24 pounder loaded in the cuſtomary manner, and 
elevated to 87, ranges its bullet, at a medium, to 
about a mile and a half; whereas a three- pounder, 
which is of half the diameter, will in the 3 cir- 


cumſtances range but little more than a mile. And 


the ſame holds true in other angles of elevation; 
though indeed the more conſiderable the angle of 
elevation, the greater is the inequality of the ranges. 


No this diverſity in the ranges of unequal bullets 


cannot be imputed to any difference in their velo- 
cities; ſince when loaded alike they are all of them 
diſcharged with nearly the ſame celerity: but it is 
to be altogether aſcribed to the different reſiſtances, 
they undergo during their flight through the air. 
For though the 24 pound ſhor, for inſtance, has 


four times the ſurface, and conſequently four times. 


the reſiſtance of the 3 pound ſhot; yet as it has 


8 times the ſolidity, the whole retarding force, 


which ariſes from the compariſon of the reſiſtance 


with the matter to be moved, will be but half as 


much in the 24 pounder as in the 3 pounder. And 


thus it will always happen (whatever be the ſize of 


the bullet) that the retarding force of the air on the 
lefler bullet will be greater than the-retarding force 
on the larger in the ſame proportion, as the diame- 


ter of the larger bullet is greater than the diameter 


of the leſſer. Now ſince, from what we have already 
$855: ſhewn, 
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ſhewn, it may appear, that the range of ſhot at an 


elevation is much more influenced by the quantity 


of its reſiſtance, than by the velocity it is diſcharged 
with; it is not to be wondered at, that a 24 pound 
ſnot, being but half as much retarded as a 3 pounder, 


ſhould range conſiderably farther. 


MAXIM XL 


The greateſt part of military projectiles will at 
the time of their diſcharge acquire a whirling 
motion round their axis by rubbing againſt 
the inſide of their reſpective pieces; and this 


whirling motion will cauſe them to ſtrike the 


air very differently, from what they would 
do, had they no other but a progreſſive mo- 
tion. By this means it will happen, that 
the reſiſtance of the air will not always be 
directly oppoſed to their flight; but will 
frequently act in a line oblique to their courſe, 
and will thereby force them to deviate from 
the regular track, they would otherwiſe de- 


ſcribe. And this is the true cauſe of the 


regularities deſcribed above in maxim IV. 


That bullets muſt in general acquire a whirling 
motion on their diſcharge, will not, I preſume, be 


diſputed. And, that this whirl, by combining with 
their progreſſive motion, will occaſion the action of 


the reſiſtance to be oblique to their direction, is 
evinced by experiment. For if any pendulous body 
be made ro revolve about the line, to which it is 
ſuſpended, (which may be effected by various me- 
thods) ſuch a pendulum will in its vibration always 
deviate from the direction originally given to it. 
And the deviation will conſtantly incline to that 


= = hand, 
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hand, towards which the revolving motion tends. 


The ſame is viſible in tennis-balls, where they are 
made to revolve round their axis by an oblique ſtroke . 


of the racket; and in muſket-ſhot the deflection 
ariſing from this cauſe is frequently ſenſible even in 
the diſtance of 100 yards, as J have ſufficiently 
evinced in one of the preceding papers. Indeed 
in both muſket and cannon-ſhot it is impoſſible to 
foreſee, to what quarter the deflection will tend; ſince 
it is impoſſible to predict, what will be the poſition 
of the axis, round which the bullet will turn. For 


from the irregularity in its friction, before it gets 


clear of the piece, it is not reaſonable to expect, that 

any two ſhot, though diſcharged from the ſame piece, 
ſhould revolve in the ſame manner. Not to men- 
tion that probably the axis of revolution frequently 
ſhifts its poſition during the flight of the ſhot. 
Hence we may upon the whole conclude, that the 
greateſt part of ſhells and bullets are perpetually 
deviating from their regular track in conſequence of 
their whirling motion ; yet neither the tendency nor 
quantity of this deviation can in general be deter- 
mined beforehand ; nor will the niceſt repetition of 
{imilar experiments produce any reſemblance in the 
circumſtances of. thefe irregularities. 


MAXIM XI 


From the ſudden trebling the quantity of the 
air's reſiſtance, when the projectile moves 


ſwifter than at the rate of 1200 feet in a 


ſecond, (as hath been explained in maxim IX.) 
it follows, that whatever be the regular range 
of a bullet diſcharged with this laſt- mentioned 
velocity, that range will be but little increaſed, 


how much ſoever the velocity of the bullet 
may be ſtill farther augmented by greater 


charges of powder. | For 
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For by the extraordinary reinforcement of the 
reſiſtance in all velocities ſurpaſſing that of 1200 


feet in a ſecond, the motion of the bullet, how 


ſwift ſoever it be, is ſoon reduced to this laſt- 
mentioned rate. I find for inſtance, that a 24 
pound ſhot, when diſcharged with a velocity of 
2000 feet in a ſecond, will be reduced to that of 
1200 feet in a ſecond in a flight, of little more 
than 500 yards And yet with the greateſt of 


theſe velocities, the bullet will range farther than 


with the leaſt by above fifteen miles, ſuppoling 


both ſhot to be fired at 45?, and neither of them 


to be impeded by the reſiſtance of the air. Now 
as the velocity of 2000 feet in a ſecond is much 
greater, than what a 24 lb. ſhot receives even from 
two thirds of the weight of the bullet in powder; 
and the velocity of 1200 feet in a ſecond may be 
produced by little more than a fourth part of the 
charge; it appears from hence, how ſpeedily all the 
additional celerity is taken away, which ariſes from 
the urmoſt reinforcement of the charge beyond that 
of a fifth or a ſixth of the weight of the bullet in 
powder. Whence as any exceſs in the velocity of the 


projectile above that of 1200 feet in a ſecond is thus 


precipitately deſtroyed by the reſiſtance; it is eaſy 
to conceive, that the regular range of a bullet, fired 
at any conſiderable angle with the greateſt charge 

fible, will but little exceed the range of the ſame 
buller, when fired with a fifth or ſixth of its weight 
in good powder. I find, for inſtance, that the re- 


gular range at 10e of a 24 pounder, fired with 24 lb. 


of powder, will not exceed the range of the ſame 


piece at the ſame angle, when fired with only 5 lb. 


of powder, by more than 500 yards; the whole range 
being above 3000; ſo that with charges in the pro- 
portion of 5 to 24 the ranges are only as 5 to 6. 
And this not from any defect of the action of the 
powder in the larger charge, but ſolely from the 
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extraordinary action of the air's reſiſtance. In ſmaller 
pieces fired with charges in theſe proportions the 
ranges approach yet nearer to an equality, ſtill pro- 
vided that the ranges here underſtood are thoſe, 
which I denominate regular, or ſuch as would be 
deſcribed by the bullet, Huppoſing i it uninfluenced by 
the action of that deflecting force, which is the ſub- 
ject of the eleventh maxim. What varieties this 
torce will give rife to, we ſhall now proceed to con- 


ſider. | 
MAXIM XIII. . 


If the fame piece of cannon be ſucceſſively 
fired at an unvariable elevation, but with 
various Charges of powder, the greateſt charge 
being the whole weight of the bullet in 
powder, and the leaſt not Jeſs than the fifth 
of that weight; then if the elevation be not 
leſs than 8 or 10®, it will be found, that 
ſome of the ranges with the leaſt charge will 
excced ſome of thoſe with the greateſt. 


For we have 3 in the laſt maxim, that at 10˙ 


of elevation the difference between the regular ranges 
of a 24 pounder with theſe very unequal charges 
amounts to but about 500 yards. Now the ranges, 
with the ſame charge, and every circumſtance as 
near as poſſible the ſame, will at an elevation of 10? 
vary ſometimes 6 or 700 yards from each other, in 
conſequence of the deflective force diſcuſſed in the 
eleventh maxim. And as the deflective force may 
caſually augment the range with the ſmalleſt charge, 
and diminiſh the range with the greateſt charge; it 
is evident, that the ſmaller charge may in theſe cir- 
cumſtances conſiderably outrange the larger, not- 
withſtanding the much greater force, with which the 
n charge impels the bullet in the exploſion. 
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MAXIM XIV. 


If two pieces of cannon of the ſame bore, but 
of different lengths, are ſucceſſively fired at 
the ſame elevation with the ſame charge of 
powder; then it will frequently happen, 
that ſome of the ranges with the ſhorter 
piece will exceed ſome of thoſe with the 
longer. 


For the ſhorteſt piece of cannon J have yet ſeen 
being not leſs than 15 diameters, and the longeſt 
ſcarcely exceeding 60 diameters ; the difference of“ 
the velocities of two ſhot diſcharged from theſe 
pieces with any of the cuſtomary charges of powder, 


will amount to but little more than a fourth of the 


greater velocity. And we have ſeen in the laſt 


maxim, that when the difference of velocity was 
much greater than this; yet the action of the whirl- 


ing force by prolonging one range, and contract- 


ing the other, has occaſioned the ſlower bullet to be 


projected to the greater diſtance. - 


And hence it may be concluded too, that if the 


longer piece be allowed a greater charge of powder 
than the ſhorter; yet the ſame effect will follow, 
provided the velocities produced by thoſe charges 


are within the limits deſcribed in the preceding 


maxims z that is, provided the charge of the ſhorter 
be not leſs than one fourth of the weight of the 
bullet, nor the charge of the longer more than the 
whole weight of the bullet. The truth of this prin- 
ciple I have frequently experienced, particularly in 
a compariſon of one of the ſhort ſix pounders lately 
caſt at Yookvich, with a ſix pounder of the old fabrick 
of four times the weight and near twice the length. 
For theſe being both elevated to 11*, and the ſhort 
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262 1 
piece loaded with 1 lb. of powder, and the lon 
piece with 3 lb; it was found, that the fourth ſhot 


of the ſhort piece ranged 2432 yards, whilſt the 
firſt ſhot of the long piece ranged only 2422 yards, 


and the third ſhot from the ſame piece no more than 


' 2070 yards. | 


MAXIM XV. 


In diſtant cannonadings the advantages ariſing 


from long pieces, and large charges of powder, 
are but of little moment. 


The truth of this maxim may be eaſily deduced 


from the preceding obſervations; as it thence ap- 


pears, that neither the diſtance to which a bullet 
flies, nor its force at the end of its flight, are 


conſiderably increaſed by very great augmentations 


of the velocity, with which it is impelled from the 
_--: 5 


. 
In firing againſt troops with grape ſhot, it will 


be found, that charges of powder much leſs 


than thoſe generally uſed, are the moſt ad- 
vantageous. 


For grape ſhot fired with large charges are dil. 
perſed from their intended direction, and the greateſt 


part of them loſt; whereas with ſmall charges they 


fly ſteadily and cloſely, and by that means make 
much greater ravage amongſt the troops they are 
fired againſt, For it muſt be remembered with re- 
gard to the force of the bullets z that charges of 
powder, extremely minute, are yet ſufficient to impel 
either round or grape ſhot with more violence, than 
is neceſſary for giving a mortal wound, 
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MAXIM XVI. 

The principal operations, in which large charges 

of powder appear to be more efficacious than 
ſmall ones, are the ruining of parapets, the 
diſmounting of batteries covered by ſtout 
merlons, or battering in breach, For in all 
theſe caſes, if the object be but little removed 
from the piece, every increaſe of velocity will 
increaſe the penetration of the bullet. 


This (after what has been ſaid above) needs but 
little explanation. I ſhall only obſerve, that if the 
piece in queſtion be 4 or 300 yards diſtant from the 
object, then a reinforced velocity will ſcarcely pro- 
duce any ſenſible augmentation in the depth, to 
which the bullet penetrates. Or if the object be 
near the piece, but the parapet is ſo thin, as to be 
pierced through its ſubſtance by a bullet fired with a 
ſmall charge, in that caſe a larger charge or a greater 
velocity, inſtead of increaſing the effect will diminiſh 
it, For the ravage occaſioned in a ſolid body by a 
bullet, that paſſes through it, is always greateſt, 
when the bullet juſt loſes its motion at the laſt ſur- 
face of the body. This is moſt evident in firing 
againſt butts of wood or the ſides of ſhips; for there 
the bullet, which has but juſt force to get through, 
generally breaks and ſplinters the laſt ſurface, and 
drives great ſhivers before it; whereas if it moves 
with much more force, and has thereby a conſider- 
able velocity left, after it has paſſed through; the 
penetration will be generally no more than a hole, 
which is in great meaſure cloſed up too by the 
ſpringineſs of the wood. | 


/ 
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MAXIM XVII. 
Whatever operations are to be performed by 
_ artillery, the leaſt charges of powder, with 


which they can be effected, are always to be 
preterred. 


For all addition to the charge, beyond what is 
ſufficient for executing the purpoſe in hand, is not 
only an unneceſſary waſte of powder, but is attended 
beſides with much more important diſadvantages; 
ſince hereby the piece is heated, and ſtrained, its 
recoil becomes more violent, its carriage labours 


more, and is more liable to be diſordered; whence 


the piece is frequently ſilenced. And at beſt its 
ſervice is much flower, than it would be with a 
ſmaller charge. If, beſides theſe inconveniencies, it 
be farther conſidered, that the effect of the bullet is 
frequently diminiſhed by augmenting its velocity; 
it ſhould ſeem, that the juſtneſs of our maxim was 
liable but to little conteſtation. But to leave no 
room for doubt in a precept ſo much oppoſed to the 
modern practice, we will diſcuſs it ſtill more circum- 
ſtantially. 1 
The principal employments of artillery are the 


cannonading of troops either at diſtance or near at 


hand; the firing againſt ſhips; the ruining of de- 
fences, or the battering in breach. Now we have 
already ſhewn, that in diſtant cannonadings large 
charges ſcarcely range farther than ſmaller. We 
have alto ſeen, that in firing againſt troops within 
the reach ot grape-ſhor, ſmall charges are the moſt 
eficacious. And in firing againſt ſhips, we have 
obſerved above, that the charge, which is juſt ſuffi- 


cient to impel the bullet through one ſide only, is 


more mitchievous to the veſſel and deſtructive to the 
2 a „Feen 
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crew than a larger charge, which ſhould drive the ſhor 
through both. Hence then the ruining of defences, 
and the battering in breach are the two only opera- 
tions, Where it can be pretended, that large charges 
are of uſe; but even theſe operations, when exe- 
cuted, as they frequently are, at 4 or 500 yards di- 
ſtance, receive bur little advantage from very great 
augmentations of powder. And ſince both the para- 
pets of all fortified places, and the maſonry, which 
face their ramparts, are often ruined at theſe great 
diſtances, where the influence of the largeſt char 
is conſiderably abated; it appears moſt :dviſeable 
to avoid the inevitable inconveniencies of large 
charges, how near ſoever the battery may be to the 
place. For though with leſs powder the penetration 
may be ſomewhat diminiſhed; yet the ſecurity and 
diſpatch in the ſervice of the pieces will more than 
compenſate for that deficiency, and will be found, 
upon the whole, the moſt _ and effetual 
practice. 
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MAXI M XIX. 
Hence then the proper charge of any piece of 
; artillery is not that allotment of powder, 
which will communicate the greateſt velocity 
to the bullet (as moſt practitioners have hi- 
therto maintained) nor is it to be determined 
by an invariable proportion of its weight to 
the weight of the ball; but, on the contrary, 
it is ſuch a quantity of powder, as will pro- 
duce the leaſt velocity neceſſary for the pur- 
poſe in hand; and, inſtead of bearing always 
a fixed ratio to the weight of the bullet, it 
muſt be different according to the different 
buſineſs, which 1s to be performed, 
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This maxim, I preſume, will not be controverted 
by thoſe, who have attentively conſidered, what 
hath been already advanced. But as it may be ex- 
pected, I ſhould give a more explicit determination 
of what, 1 deem the proper charges of pieces in dif- 
ferent circumſtances; I ſhall here diſpatch that mat- 
ter with as much diſtinctneſs, as I can. Obſerving 
firſt that the powder, of which I at any time ſpeak, 


is ſuppoſed to be made by the goverament's ſtandard, 


of good materials, and to be in good condition at 
the time of uſing. And next that the windage be 
moderate; otherwiſe ſome addition muſt be made to 
the charges aſſigned in the following maxim. 


MAXIM XX. 

No field-piece ought at any time to be loaded 
with more than +, or at the utmoſt +, of the 
weight of its bullet in powder : nor ſhould 


the charge of any battering piece exceed 
of the weight of its bullet. 


For if field-pieces of the cuſtomary length are 


loaded with + of the weight of the ball in powder, [ 
find this charge will communicate to the ſhot a 
velocity nearly approaching to that of 1200 feet 
in a ſecond; provided the windage be moderate; 
which indeed in the greateſt part of the modern 
pieces 1s exorbitant. Hence then, on our former 
principles, no greater charge ſhould be allotted to 
any field- piece. And indeed when ſmall grape are 
made uſe of, this is too much; for then even the 
half of it is ſufficient; in firing againſt ſhips the 
Powter ought never to exceed - of the weight of the 

all. For I have experienced, that an 18 pounder, 
with only 31b.; of powder, will traverſe a butt of 
the ſtouteſt foundeſt oak, whoſe thickneſs does a 
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exceed 36 inches. It remains then only to conſider, 
what is a proper charge for ruining defences and bat- 


tering in breach. And here I am confident, both 
from trials of my own and from the experience of 


others, that 4 of the weigh: of the bullet in powder 
is ſufficient for piercing the ſtouteſt maſonry, with 
which any ramparts are faced, and though each ſhort 
ſeparately examined will be lefs forcible with this 
proportion of powder than with double the quantity 
(which is the charge recommended by many artille- 
riſts) yet the promptitude and facility of the ſervice 
will be ſo much greater, that the effect of a day's 
battering will be more conſiderable with this charge 
than with any larger quantity of powder. Having 
thus diſpatched the inveſtigation of a proper charge, 
let us now examine the grounds, upon which ſome 
late artilleriſts have pretended to eſtabliſn principles 
directly contrary to thoſe, We have here advanced. 


MAXIM XXI. 


Although precepts very different from thoſe, we 
have here given, are uſually advanced by 


artilleriſts, and are often ſaid to be deduced 
from experience; yet is that pretended ex- 


perience altogether fallacious; ſince from our 


doctrine of reſiſtance eſtabliſhed above, it 
follows, that every ſpeculation on the ſubject 
of artillery, which is only founded on the 

. experimented ranges of bullets diſcharged 
with conſiderable velocities, is liable to great 
uncertainty. 


For we have ſeen, that, when the velocity of the 
bullet exceeds that of 1200 feet in a ſecond; there 


will then correſpond but very ſmall differences in the 
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regular ranges to very great differences in velocity. 


And even theſe ſmall differences cannot be collected 
with any kind of accuracy; ſince the regular ranges 
will frequently undergo much greater changes from 
the action of the defective force, than the whole 
of thoſe differences amounts to. And let it not be 
ſuppoſed, that this inconvenience can be prevented 
by making a number of trials and taking the medium 
of them; for the irregularities in the repetition of 
ſimilar trials are ſo very great, that the medium it- 


ſelf will vary conſiderably each time, that a new {et 


of the ſame experiments are examined; and the in- 


equality hence ariſing, will often greatly exceed thoſe 


differences, which theſe mediums are intended to 


inveſtigate. As an inſtance of what we have ad- 


vanced, we will here inſert a ſet of trials made at 


Weookvich in the year 1736, when fix 24 pounders 
were calt of nearly the ſame weight, bur of different 
lengths. Theſe were all loaded with the ſame charge, 
and were all elevated to 7%; the length of each 
piece, and the medium of the ranges made with them 
* different days, may be ſeen in the following 
table: | 7 5 


Length June 1, June 18th, July 24, 


1 Medium of Medium of Medium of 
pieces. five ranges. three ranges. three ranges. 
Feet. ö Vards. Vards. Yards. 
102 2486 2614 2406 
10 2570 2532 2430 

97 2633 ' 2560 2500 
2 2790 2494 2563 

82 2586 2490 2466 

2438 2473 2452 


Here it appears, that the medium of the ranges 
with the ſame piece is different on different days: 
and this not the ſame way in all; but ſome of them 


are larger, when others are leſs. And this differen 
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in the piece of 9 feet amounts to 296 yards, and in 
none of them, except the laſt, falls ſhort of 120 
yards. Now from principles, we have explained 


more at large in another place, it follows, that the 


greateſt inequality between the ranges of the longeſt 
and ſhorteſt of theſe pieces, ſuppoſing the ſhot to 


follow its regular track uninfluenced by the deflecting 
force, will be ſcarcely 70 yards: hence then it is evi- 


dent, that theſe trials are altogether inſufficient for 


inveſtigating that inequality; ſince even the mediums 


themſelves vary by above tour times as much, as 
the whole of it amounts to. 


It might have been expected, that a bare view of 


theſe ranges, as they are inſerted in the preceding 
table, might have evinced the impoſſibility of de- 
ducing any certain principle from ſuch diſcordant 
trials. But the force of prejudice was ſo great, that 


it was hence concluded, that the pieces of 9 and 92 
feet in length carried their ſhot the fartheſt; and 


thence it was preſumed, that thoſe were the proper 


lengths of a 24 pounder, and that, whatever piece 


was either longer or ſhorter, was on that account 
leſs perfect, and impelled its ſhot with leſs violence. 


Indeed, as theſe cannon were caſt on purpoſe to in- 


veſtigate, what were the proper lengths of pieces; 


it might not perhaps have ſuited the great apparatus 
of the inquiry, nor the dignity of the inquirers, to 


have acknowledged after all, that by the methods, 
they purſued, the queſtion could never be brought 
to a deciſion. | | ERS. 

About three years after the experiments, I have 
juſt now recited, the ſame method of examination 
was proſecuted in / / ance with regard to the proper 
charges of pieces. Ind here again, by firing the 
ſame piece at a conſtant elevation, but with different 
charges of powder, it was pretended to be deter- 
mined, that in moſt pieces, about a third of the 
weight of the bullet in powder was the proper charge, 
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or the charge producing the greateſt velocity. Of 
theſe trials | have ſeen a manuſcript account; but 
the author has given only the mediums of the ranges ; 
and he ER at the ſame time, that he firſt re- 
jected thoſe, which appeared greatly irregular, though 
what thoſe e eee, — be has not told 4 
By methods like theſe all thoſe falſe perſuaſions, which 
we have hitherto combated, have been greatly coun- 
tenanced; for the inequality of the ranges in the 
repetition of like trials being (as we have ſeen) fo 
conſiderable: it was always in the power of a preju- 
diced artilleriſt to urge experiments in defence of his 
favourite hypotheſis; fince by neglecting thoſe trials, 
which were inconſiſtent with his opinion on pretence 


of their irregularity; it was not difficult, amidſt the 


great variety of ranges, which ariſe from the repe- 
tition of the ſame experiment, to find ſuch, as would 
agree to almoſt every notion, that hath at any time 
been ſtarted upon this ſubject of artillery,  _ 
It may perhaps be urged, that I myſelf have in 
other tracts compared the experimented ranges of 
projectiles with the deductions from my theory, and 
have urged their general agreement as a confirmation 
of the juſtneſs of my principles. And to this J an- 
ſwer, that, I conceive, I have eſtabliſſed my theory 
upon more certain experiments; and that the only 
uſe, I make of the ranges of projectiles diſcharged 
with great velocities, is to ſhew, that they are more 
conſonant to my doctrine, than they are to one an- 
other; and though the mediums of the ranges of 
thoſe projectiles are not exact enough to evince the 
variation in the force of a ſhot ariſing from a ſmall 
change in the length of the piece or in the charge; 
yet are they ſufficient to ſhew the prodigious defalca- 
tion of the range by the reſiſtance of the air, and to 
decide nearly, whether the law and quantity of that 
reſiſtance be rightly determined by us or not. 
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Upon the whole then, as the writers on artille 


in their ſpeculations on the moſt eligible lengths of 


pieces, the proper quantities of powder, and the 
preference of particular practices, have preſcribed no 
other method for the examination of their reſpective 
opinions, but the compariſon of ranges made at the 
ſame elevation; we may thence conclude, that, 
when the velocity of the projectile was conſiderable, 


it was not poſſible they ſhould have inveſtigated - 
theſe matters with any tolerable degree of juftnefs : 
fince we have fhewn, that in great velocities the 


irregularities of the experiments, even when the 
mediums of a number of them are taken, do greatly 
ſurpaſs thoſe differences, which the experiments are 
intended to diſcover. It is therefore not to be won- 
dered at, if this vague method of examination, 
which, according as the trials were ſelected, might 
be urged in confirmation of different and even op- 
polite aſſertions ; it is not, I ſay, to be wondered at, 
that this looſe and inconcluſive experience hath been 
urged in ſupport of the moſt erroneous opinions, 
and by its authority with thoſe, who were ignorant 
of its fallacy, hath greatly tended to the eſtabliſnment 
of the many prejudices and groundleſs perſuaſions, 
which at preſent prevail amongſt the modern artil- 
leriſts. | 
It is much to be lamented, that thoſe who have 
been thus active in examining the ranges of pieces 
for purpoſes, which could not be anſwered thereby; 
ſhould neglect to compare the ſame ranges with the 
eſtabliſhed doctrine of projectiles. Had they done 
this, it would have been impoſſible, that the para- 
bolic flight of ſhot, and the inconſiderable effect of 
the air's reſiſtance could have been ſo generally and 
ſtrenuouſly maintained. Since how aukwardly ſoever 
the experiments upon ranges are adapted to. the 
diſcovering the variations of great velocitles ; they 
are yet ſufficient to demonſtrate the monſtruous errors 
| in 
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in the common received doctrine. and to evince the 
extraordinary power of the air's reſiſtance upon the 


moſt ponderous bodies. For the range even of a 


24 pounder, fired with a uſual charge : at 45%, is but 
little more than a third of what, it "ought to be on 


the parabolic hypotheſis, if compared with the range 


at ſmaller elevations. 

Having thus, as I conceive, evinced the inconclu- 
ſiveneſs of the only ſpecies of experiments, which 
artilleriſts have hitherto proſecuted; it remains to 


Point out a more indubitable method of examination, 


by which all precepts and practices in this art may 
be clearly and inconteſtably decided. This method 
(to which I have frequently appealed in the courſe 
of theſe maxims) requires no more than the aſcer- 
taining the depth, to which the bullet penetrates in 
ſome ſubſtance of a uniform texture. Indeed, if 


much nicety be required, it is always poſſible to 


determine the actual velocity of the bullet in dif- 
ferent parts of its track by practices, I have ex- 
plained at length in another treatiſe. But the ap- 
plication of this contrivance to large cannon requires 
a very expenſive apparatus; and therefore, ſince we 
are not now diſcuſſing this ſubject with geometrical 


rigour, we ſhall content ourſelves with pointing out 


a more eaſy and expeditious procedure. 


„ MAX 1M nn 


The depth to which a bullet penetrates in a ſolid 
ſubſtance, is a much more definite criterion 
of its comparative velocity, than the diſtance 
it ranges to when fired at an elevation, For, 


when the velocity of the bullet is doubled, it 


penetrates into a uniform ſubſtance near four 
times as deep, and with three times the 
velocity, near nine times as deep; ſo that 
with 


. 2 2. 
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with different velocities the penetrations vary 


in a much greater proportion than the ve- 
locities themſelves. = 


That the penetrations follow the rule laid down in 


this maxim, I have found by frequent experience. 


For inſtance, an iron bullet of 4 of an inch diame- 


ter, when fired againſt a large block of ſound oak, 


hath with different velocities penetrated to different 


depths from leſs than + an inch to ten inches; and 


the reſpective velocities being examined and com- 


pared with the correſponding, penetrations it was 


found, that all the experiments were ſufficiently con- 


ſonant to this rule. The ſame holds true in bullets 


of any ſize; for an eighteen-pound ſhot, with a 
velocity of about 400 feet in a ſecond, penetrated 
3 inches + into a butt of ſeaſoned oak, and 


with about three times that velocity it penetrated 


34 inches into the-ſame wood. „ 
This law holds either in large or ſmall velocities; 
at leaſt I have found it take place, when the bullet 
has moved at the rate of 2400 feet in a ſecond; 
the reaſon of this relation between the velocity of 


the bullet, and its penetration, we have diſcuſſed at 


large in another place; but that is a ſpeculation not 
eſſential to our preſent views; it is ſufficient for our 
purpoſe, that the maxim itſelf is warranted by nu- 


merous experiments. However, not to leave the ar- 


tilleriſt altogether to ſeek in this matter; I ſhall ob- 
ſerve, that the reſiſtance to a bullet in its penetrating 
a ſolid body does not depend on the velocity of the 
bullet (very different in this circumſtance from the 
reſiſtance of the air) but is nearly the ſame, whether 
the bullet moves faſter or ſlower. Whence it 1s not 


difficult to conceive, that ſince, when the velocity 


is increaſed, the reſiſtance is not; therefore the pe- 


netration will be augmented in a greater proportion 


than the velocity. 


. MAXIM 
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MAXIM XXIII. 
Hence then in all conteſts about the greater or 


leſs velocity, which a bullet acquires from 


different quantities of powder, or from dif. 

ferent lengths of pieces, or different methods 
of loading; the moſt deciſive experiment is 
to try the penetration of the bullet into ſome 
uniform ſubſtance placed at a ſmall diſtance 
from the muzzle of the piece ; fince that bul. 
let, which in repeated trials penetrates deepeſt, 
may be concluded to have been diſcharged 
with the greateſt celerity. 


It is not difficult in all places to find ſubſtances | 


proper for experiments of this nature; for a butt 
of wood, or a bank of earth or clay, are any of 
them ſufficient; it is only required, that the maſs, 
whatever itis, be of a uniform texture, and 'a ſpringy 
nature, and that it be but little removed from t 
piece, leſt by the reſiſtance of the air the original 
velocity of the bullet be changed in its paſſage. 
Though experiments of this kind will, I believe, 
in moſt diſputed caſes be found ſufficiently deciſive; 
yet it will be always expedient to try the conteſted 
problem with ſuch a variation of circumſtances, as 
may be expected to produce conſiderable differences 
in the reſult. For as there will be always ſome in- 
equality in the different = of the reſiſting ſub- 
ſtance, and conſequently ſome irregularities in the 
repetition of like experiments; it will be for that 
reaſon prudent to endeavour, that, when different 
concluſions are tried, they may be ſuch, where the 
differences in the penetration will be more conſider- 
able than theſe caſual inequalities. _ 


We 


- 


| | | 
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We have hitherto compared together the penetra- 
tions of the ſame bullet, or at leaſt of two bullets 
of the ſame diameter having different velocities, 
Bur if inſtead of this we were to examine the pene- 
trations of unequal bullets moving with the ſame 


velocities z we ſhould find, that the largeſt penetrates . 
_ deepeſt; fo that a bullet, for inſtance, of 5 inches 


diameter, will penetrate near fifteen times as deep, as 
one whoſe diameter is only 4 of an inch; the reafon 
of which will in ſome meaſure be underſtood by con- 
ſidering what, we have ſaid in the explanation of our 
tenth maxim. In all our ſpeculations upon this ſub- 
ject we ſuppoſe the bullets to be of iron; for if they 
are of a ſofter or weaker fubſtance, they may either 


change their figure or break with the ſtroke ; and 


then their penetrations will no longer follow the rules, 


we have laid down, but will vary according to the 


new figure the bullet acquires. 


MAXIM XXIV. 


From the preceding maxims and obſervations it 
follows, that the theory of the art of artil- 


lery hath been hitherto extremely defective, 


its principles erroneous and its proofs incon- 
cluſive; and that the practical part influenced 
by this miſtaken theory hath been in many 
points to the full as imperfect, and as juſtly 
liable to cenſure. . 


For, if the preceding maxims are founded on in- 
diſputable experiments (as we affirm) then the vulgar 
theory of artillery, which in almoſt every particular 


is contrary thereto, cannot but contain the moſt in- 
conſiſtent and fallacious tenets. If, for inſtance, the 


reſiſtance of the air be as powerful as we have af- 
ſerted, if a deflective force, ſuch as we have de- 
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ein, 
ſcribed, does really exiſt, and the irregularities in 
the ranges of ſhot, and the odd incidents thence 
ariſing, are juſtly enumerated by us ; then the mo. 
dern theory of gunnery, which either actually or 


virtually denies all theſe matters, muſt be a moſt 
defective and erroneous ſcience. 


Again, if the various operations of gunnery te. 
: y_ diverſity of charges, and it the charges proper 


r different purpoſes are rightly aſſigned by us; 
then thoſe practical artilleriſts, who have aſſigned 


the ſame proportion of the weight of the bullet in 


powder for every ſpecies of cannon, and for every 
employment of artillery, and who have been in 
general ſo ſtrangely exorbitant in their determina- 
tion of that proportion, may ſurely be accuſed of no 


\ ſmall want of ſkill; and the practice itſelf in theſe 


particulars cannot but be condemned as extremely 
imperfect, and liable to the greateſt exception, both 


with regard to its ceconomy, its facility, and its 


diſpatch. EIS 

And though our view in this eſſay is to animdd- 
vert on thoſe faulty principles, which have hitherto 
prevailed, and to eſtabliſh a juſter theory in their 
ſtead; for which reaſon we ſhall avoid inſiſting on 
any other miſtakes, that are to be met with in the 
modern practice, as they are rather defects in the 
mechanical part, than errors ariſing from wrong ſpe- 


culation: yet at the ſame time we cannot help ob- 


ſerving, that even the uſual methods of training up 
thoſe, who are intended for the ſervice of the artil- 


lery, do not contain either the inſtruction or the 


variety of practice, which ſo important a buſineſs 
ſeems to demand. | 

I ſhoutd therefore propoſe, that, inſtead of the 
puerile method of firing with a conſtant charge at 
two or three marks placed at known and invariable 


_ diſtances; a mote extenſive exerciſe ſhould be intro- 


duced, in which the ranges, penetrations, and de- 


flections 


— 
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flections of pieces, fired with all neceſlary diverſity 
of charge, elevation, and diſtance, ſhould be exa- 
mined; and the reſult compared with the principles, 
we have above inculcated. And as we flatter our- 
ſelves, that this diverſified experience would confirm 
and illuſtrate thoſe principles; the practitioner would 


hence acquire a true ſcientific dexterity, and would 


be hence prepared readily to adapt his charge, ele- 
vation, &c. to every emergency of actual ſervice. 


Indeed it is high time, that this moſt intereſting art 


ſhould be advanced to a ſtate of more perfection 
for it is matter of aſtoniſhment to conſider, that, 
whilſt other branches of mechanics have received 
ſuch numerous improvements, and have been fo / 
ſucceſsfully cultivated, meerly by the induſtry and 
labour of private perſons, who had rarely any other 


incitements than the impulſe of their natural genius; 


yet this ſcience of artillery, on which the ſucceſs 
of military enterprizes, and conſequently the fate 
of nations, often depends, hath ſtill been obſcured, 
either by the uncouth principles, which: prevailed 
above two ages fince; or by the more illuſive refine- 


ments of modern theoriſts. And this too, whilſt in 


almoſt every part of Europe a very large propor- 
tion of treaſure hath: been allotted” for its ſupport, 
and a numerous body of men have received con- 
ſiderable largeſſes and emoluments for their ſuppoſed 
dexterity and ſkill therein. It muſt however be 
owned, that the preſent defects of this art are not 
to be ſolely imputed to the ſupineneſs and inattention 
of its practitioners; ſince before the diſcovery of thoſe 
principles, which we ſome years ſince publiſhed to 
the world, and which we have more popularly ex- 
plained in this eſſay; it was not poſſible for the moſt 
diligent examiner to extricate himſelf from the ob- 
ſcurity and confuſion, which he was conſtantly in- 
volved in, when he repeated the ſame experiment a 
number of times ſucceſſively. For the prodigious 

AX. S 3 augment- 
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T ee 
augmentation of the air's reſiſtance in great velocities, 
and the deflective force ariſing from the whirling 
motion of the bullet (both which diſcoveries we 
claim as Gur own) may be conſidered as the two 
capital points, from whence the ſolution of almoſt 
all theſe wonderful occurrences in the ranges of pro- 
jectiles may be deduced, which, without the know- 
ledge of theſe principles, appear little leſs than mira- 
culous. But we apprehend, we have been too co- 
pious upon this head already; and ſhall therefore | 
now conclude theſe popular maxims, | 


. 1 oth 
I PROPOSAKAE 
For INCREASING the 
STRENGTH 
OF THE 


BRITISH NAVY, 


Wes 


By Changing all the Guns, from the ExtcuTzen 
PounDErs downwards, into Others of EqQuar 
WeirGnrT, but of a GREATER BoRE. 


| Firſt printed in 1747. 
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HE following paper was auen 
up near two years ſince; in con- 
r 
> ſequence of ſome experiments and: 
Se: ſpeculations of a much older date. 
As it is cuſtomary for mankind 
to o ſuppoſe no one ſkilful in any profeſſion, in 
which he has not been regularly initiated, and 
to which he is not formally attached; 1 did 
not expect, that this production, were it made 
publick, would be conſidered otherwiſe than 
as the viſionary. notions of a ſpeculatiſt, utterly 
unacquainted with the ſubje& he had under- 
taken to diſcuſs. Nor would it have been 
poſſible for me to have removed this prejudice 
by the moſt authentic proofs, I could have 
given, of my attention and induſtry in trying 
the various concluſions, on which the enſuing 
ſuggeſtions are founded. 
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282 PREFACE. 

But having lately been favoured, by the 
Honourable George Anſon, Eſq; vice-admiral = 
of the Blue, and one of the lords of the 
admiralty, with the peruſal of a French manu- 
ſcript, taken on board the Mars man of war, 
I therein found recited a great number of 
experiments, extremely appoſite to the prin- 
ciples inculcated in the enſuing paper; beſides 
ſeveral important confirmations of a late re- 
form in the ſervice of the French artillery, 
analogous to what I have propoſed. And 
therefore, as the authority of theſe French 
papers will I hope, alleviate at leaſt the cen- 
ſures, I might be otherwiſe expoſed to; and as 
the particulars, they contain, are not, I think, 
unworthy publick knowledge ; I have, on this - 
account, ventured to .pabliſh the following 
truct and have annexed thereto, by way of 
ahnotation, ſuch articles of this French manu- 
ſcript, as, I conceived, would fully confirm 
che poſitions 1 had advanced, and would thereby 
render the matter, 1 de treated of, more 
worthy of future conſideration; reſerving till 
another time a more ample account of all theſe 

Frenth expe riments, and n various dednQions 
founded thereoh.” | 


For INCREASING the 
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OF TH E 


BRITISH N AVY, Ge. 


HE advantage of large cannon over 
>Z| thoſe of a ſmaller bore is ſo generall 

acknowledged, that a particular diſcuſ- 
ſon of it might perhaps be ſpared z 


— — but, as it may be neceſſary to recur 
to the principles, on which this advantage is founded, 
in obviating ſome objections, which may perhaps 


be made to the preſent propoſal z; the author begs 
leave to enumerate the particular circumſtances, in 
which heavy ſhot excel, together with the reaſons 
of this ſuperiority : and this, from the great number 


of experiments he has made on theſe ſubjects, he 
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284 1 T8 
flatters himſelf, he is better able to do, than could 
be done by any one from the inaccurate obſervations 
of common practice only. = 

. And firſt in diſtant cannonading : The reſiſtance 
of the air to cannon-bullets, when they are fired 
with their uſual allotment of powder, is ſo extremely 
great, that the diſtance, they range to at an eleva- 
tion, is more regulated by the EA of this re- 
ſiſtance, than by the velocity they receive from the 
powder. And the larger bullets being leſs reſiſted 
in proportion to their weight than the ſmaller, the 
diſtance, to which theſe larger bullets fly with the 
ſame proportion of powder, exceeds". the "flight of 
the ſmaller ones, almoſt in the proportion of their- 
| diameters ; fo that a 32 pound ſhot, for inſtance, 
being ſome what more than ſix inches in diameter, 
and a q pound but four inches; the 32 pound ſhort 
will fly near half as far again as that of 9 pound, 
if both pieces are ſo elevated as to range to the 
furtheſt diftance poſſible. 
And this advantage in the range of the heavier 
bullet is not eaſily to be counter. balanced by any 
extraordinary effort given to the ſmaller bullet, by 
increaſing the quantity of its powder; for though 
the ſwiftneſs of the ſmaller bullet, at its iſſuing 
from the piece, may be thereby greatly increaſed, 
yet, as has been already obſerved, the diſtance, to 
which the bullet flies at an elevation, is thereby but 
little influenced; for all this increaſe of the celerity 
is preſently taken away by the reſiſtance of the air, 
which increaſes much faſter. Thus, for inſtance, 
though a bullet, fired, with + of its weight in powder 
has doubtleſs a greater velocity than the ſame bullet, 
when fired with only 3. of its weight in powder, 
yet if their ranges at ten or fifteen degrees are. 
compared together, the certain difference between 
them will not be worth regarding; for it will not be 
more than the irregularities, which happen in Tepe- 
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titions of the ſame trial with the ſame piece, charge, 
and elevation“. | 


But this circumſtance of ranging farther in diſtant 
cannonading is perhaps the leaſt conſiderable pre- 
eminence of heavy ſhot; for the uncertainty in this 


: 8 eſpecially at ſea, is ſo great, that it has 


en generally diſcountenanced by the moſt ſkilful 
commanders, as tending only to waſte ammunition. 
The moſt important advantage of heavy bullets is 
this, that, with the ſame velocity, they break out 
holes in all ſolid bodies in a greater proportion than 
their weight; that is, for inſtance, a 24 pound 
ſhot will, with the ſame velocity, break out a hole 
in any wall, rampart, or ſolid beam, in which it 
lodges, above eight times larger than will be made 
by a 3 pound ſhot ; for its diameter being double, 
it will make a ſuperficial fracture above four times as 
great as the 3 pounder (more of a ſmaller hole being 
cloſed up by the ſpringing of the ſolid body than 
of a great one) and it will penetrate to more than 
twice the depth. By this means the firmeſt walls of 
maſonry are eaſily cut through their whole ſubftance 


by heavy ſhot, which could never be effected by 


This aſſertion, however ſtrange it may appear at firſt ſight, 
is irrefragably eſtabliſhed by the experiments recited in the 
French manuſcript mentioned in the preface ; for there it ap- 
pears, that when a 24 pounder was elevated to five degrees, 
and loaded ſucceſſively with eight, nine, ten, eleven, twelve, 


fourteen, ſixteen, eighteen, and twenty pounds of powder, 


the medium range with eight pounds of powder was eight 
hundred and forty toiſes, and the medium range with twenty 
pounds of powder was but nine hundred and ſeventy, Now 
the differenee between eight hundred and forty, and nine hun- 
dred and ſeventy, is not ſo great as the difference, which ſome- 
times occurred in theſe trials, on the repetition of the ſame 
experiment. I ſhall only add, that both the quantity and pro- 
portion of the ranges with eight, and with twenty pounds of 
powder, are extremely near, what I have long ſince computed 
them at; and that the whole of theſe experiments are entirely 
conſiſtent with the theory both of the force of powder, and 
of the reſiſtance of the air, which I have ſome time ſince eſta- 


thoſe 


bliſhed. 


r 0” 
thoſe of a ſmaller calibre; and in ſhips the ſtrong. · 
eſt beams and maſts are hereby fractured, which 
| a very great number of ſmall bullets would ſcarcely 
injure. LC ry 
"To this laſt advantage of large cannon, which is 
indeed a capital one, there, muſt be added that of 
carrying the weight of their-bullet in grape or lead 
ſhot, and thereby annoying the enemy more effectu- 
ally, than could be done by ten times the number 
of ſmall pieces. | 15 

Theſe are the principal advantages of large cannon, 
and hence it is no wonder, that thoſe entruſted with 
the care of the Britiſb navy have always endeavoured 
to arm all veſſels with the largeſt cannon, they could 
with ſafety bear; and, — 9 within theſe laſt hun- 
dred years, great improvements have been made on 
this head, by reducing the weight of many of the 
ſpecies of cannon, and thereby enabling the ſame 

ips to carry guns of a larger bore: and very lately 
the 6 pounders in ſome of the ſmaller ſnips have 
been changed for 9 pounders of a lighter fabrick 
than uſual, which hath been juſtly eſteemed a very 
great addition to the ſtrength of thoſe veſſels. 

The importance then o _— to all ſhips the 
largeſt cannon they can with ſafety bear, being 
granted; it remains to ſhew, on what foundation a 
change is propoſed to be made in the fabrick of all 
pieces from the 24 pounders downwards; whereby 

all the guns from the preſent 18 pounders down- 
wards, may be changed for others of the ſame or 
leſs weight, but of a larger bore. This propoſition 
turns on the following conſiderations. | 
The ſpecies of cannon proper for each ſhip is li- 
mited by the 1 of the pieces, and when the 
charge and the effort of the bullet are aſſigned, this 
BE, ary, in each ſpecies is or ought to be determined 
by the following circumſtances. | 
That they . 
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5 That they ſhall not heat too much in frequent 

1 firing. | = 
And that they ſhall not recoil too boifterouſly. 

All this is to be done by a proper quantity of 


- metal properly diſpoſed ; and when the pieces are 
f | ſecured from theſe accidents, all addition of metal 
beyond is not only uſeleſs but prejudicial. 

Now what dimenſions and weight of metal are 
; more than ſufficient for theſe purpoſes, we may 


learn from the preſent practice of the navy in the 
; fabrick of the 32 pounders, the heavieſt guns in 
L common uſe ; theſe are made to weigh, if the au- 
| thor's information be right, from 52 to 53 hundred 
| weight; that is ſomewhat leſs. than a hundred and 
two thirds for each pound of bullet. 70 | 
„ From this then the author concludes, that any 
1 ſmaller piece, made upon the model of theſe 32 
E 4 pounders, and having their weight proportioned in 
| the ſame manner to the weight of their bullet, will 
fully anſwer all the purpoſes recited above, and will 
| be of unexceptionable ſervice. 
And he founds his opinions on theſe two prin- 
| ciples. 15 
5 irſt, That the ſtrength of iron, or of any other 
3 metal, is in proportion to its ſubſtance; ſo that, 
for inſtance, where it has half the ſubſtance, it has 
half the ſtrength; and this ſuppoſition, he preſumes, 
will be ſcarcely conteſted. | | | 
Secondly, That the force of different quantities of 
powder fired in ſpaces, which they reſpectively fill, 
is not exactly in the proportion of thoſe quantities, 
but the leſſer quantity has in proportion the leaſt 
force: that is, for inſtance, the force of one pound. 
of powder, in like circumſtances, is leſs than 
half the force of two pounds. And this prin- 
ciple the author has deduced. from many repeated 
and diverſified trials of his own; and he believes, 
it will be found agreeable to all the 8 
which 


which have been made, or ſhall be made on this 


„ | 


From theſe two conſiderations; he hopes, it will 
be granted him, .that if two pieces, a large one and 


2 ſmall one, are made with all their dimenſions in 
proportion to the diameter of their reſpective bullets, 
and conſequently their weights in the ſame proportion 
with the weights of their bullets, then the larger 
Piece, with the ſame proportion of powder, will be 


more ſtrained, will heat more, and recoil more than 


the ſmaller. | | 3 
Hence then, as we are aſſured, that the preſent 

32 pounders ate of a ſufficient ſtrength and weight 

for all marine purpoſes; we have the greateſt reaſon 


to ſuppoſe, that if all the pieces of an inferior calibre 


were formed upon the ſame model, meaſuring by the 
diameter of the bullet, theſe ſmaller pieces would 
not be defective in either ſtrength or weight, but 
would be to the full as ſerviceable on ſhipboard as 
the preſent pieces, which are ſo much overloaded 
with metal. | N | 5 

The author's ſcheme then for augmenting the force 
of the preſent ſea- batteries, is no more than this plain 
principle, that all ſhip- guns ſhould be caſt upon 
the model of the 32 pounders, meaſuring by the 
diameter of the reſpective bullet; ſo that for each 


pound of bullet there ſhould be allowed one hun- 


dred and two thirds of metal only. 
The advantages of this ſcheme will appear, by the 


following compariſon of the weight of the preſeat ; 


pieces, with their weight propofed by this new 
fabrick. . 5 
Pieces. Weight now in hundreds. Ditto by new fabrick, 


24 48 to 46 „ 
18 41 to 39 3 
12 34 to 31 20 
9 9. %% - 15 
2440 36 10 


Hence 


„ „ K . gd 1 — 


Hence then it appears, that the 24 pounders will 
be eaſed of ſix or eight hundred of uſeleſs metal; 
and that, inſtead of thoſe of an inferior calibre now 
uſed, much larger ones of the ſame weight may be 
born, eſpecially when it is remembered, that this 
computation exceeds even the preſent proportion of 


the 32 pounders; fo that from the above projected 


18 pounders, for inſtance, two or three hundred may 
be. ſafely taken. 5 3 1 wo? 
The changes then propoſed by the author are theſe, 


Pounders. Hundreds. Pounders. Hundreds. 
For 6 of 24 and 18 New 12 of 20 
= 29 and 26 x8: --ak 
. 34 and 31 18 28 
18 41 and 39 „ 


The 9g pounders lately caſt, being, as the author is 


informed, ſtill lighter than what is here repreſented, 
they may perhaps be only transformed into 12 pound- 


ers; but this will be a very great addition of ſtrength, 


and the 12 pounders thus born will be conſiderably by 


lighter than the ſmalleſt 9g pounders now in uſe. 
The weight of the preſent 3 pounders are not remem- 
bered exactly by the author; but he doubts not, but 


they are heavier than the prone 6 pounders, and 


may therefore be changed for them. 
That many objections will be made to the preſent 


| propoſal, is not to be queſtioned ; but as they will 


equally hold againſt the uſe of the preſent 32 poun- 
ders, which are known to be guns of unexception- 
able ſervice, that alone, it is conceived, will be an 
anſwer. „ 


If it be ſuppoſed (as antient practice is always 


favourably heard) that the exceſſes in the propor- 


tionate og, 6 of the ſmall pieces muſt have been 


originally founded on ſome approved principle, or 
Yo EL: 4 os © 5 
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otherwiſe they could not have been brought into 


uſe. It may be anſwered, that a hundred years ſince 


there were 4 pounders made uſe of, which were 


heavier than ſome of the preſent 9 pounders, and 
had the ſame preſcription to plead in their behalf. 
Perhaps the origin of this exceſs in the ſmaller pieces 
may be accounted for by ſuppoſing, that when guns 
are uſed in batteries on ſhore, their length cannot 
be in proportion to the diameter of their bore; 
becauſe the parapet being of a conſiderable thick- 
neſs, a ſhort piece would by its blaſt ruin the 
embraſures ; and the ſmaller pieces, being for this 
reaſon made nearly of the ſame length with the 
larger, did hence receive their additional weight of 
metal. But this reaſon holds not at ſea, where there 
is no other exception to the ſhortneſs of a piece, 


but the loſs of force, which, in the inſtances here 
propoſed, is altogether inconſiderable. For the old 


12 pounders, for example, being in length from 
nine feet to nine and a half; the new ones here pro- 
poſed will be from ſeven feet to ſeven and a half 


long. The difference in the force of the bullet, 


fired from theſe different pieces, is but little ; and 


it will hereafter appear, that in the preſent ſubje& 


much greater differences than theſe are of no con- 


ſequence. 


If it ſhould be ſaid, that the new fabric here pro- 


poſed muſt have the preſent allowance of powder 


which in the ſmaller pieces is half the weight of 
the ball) diminiſhed, and that it muſt be reduced to 


the rate of the 32 pounders, which is only ſeven 


fixteenths of the weight of the ball; it is an- 
ſwered, that if the powder in all ſhip-cannon what- 
ever, was ſtill farther reduced to one third of the 
weight of the ball, or even leſs, it would be a con- 
fiderable advantage, not only by the ſaving of am- 


munition, but by keeping the guns cooler and 


quieter, 
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qureter, and at the ſame. time more effectually in- 
juring the veſſels of the enemy“; for with the pre- 


ſent allowance of powder the guns are heated, and 
their tackle and furniture ſtrained, and this only to 


tender the bullet leſs efficacious, than it would prove 


if impelled by a ſmaller charge. Indeed in battering 


of walls, which are not to be penetrated by a —_— 
the 


ſhot from any piece whatever, the velocity of 

bullet, how much ſoever augmented, ſtill produces 
a proportionate effect, by augmenting the depth to 
which it penetrates : but the ſides of the ſtrongeſt 
ſhips, and the greater part of her timbers are of a 
limited thickneſs, inſufficient to ſtop the generality 
of cannon-bullets, fired at a reaſonable diſtance, 
even with a leſs charge than is here propoſed. And 
it is matter of experiment, that a bullet, which can 


The change propoſed here, of reducing the quantity of 
powder in all ſhip-guns to one third of the weight of the bullet, 
has for ſome time. paſt been practiſed by the French in a much 
ſeverer ſervice, where the increaſing the velociry of the bullet 
could not at any time diminiſh its effect; the ſervice, I mean, 
is battering in breach, For I learn from the forementioned 
Freuch manuſcript, that of late years all their breaches, in the 


different fieges they have undertaken, have been made with this : 
very charge, that is, their 24 pounders have been loaded with 


eight pounds of powder, and they have found, that though 
the penetration of the bullet is leſs with this charge than with 
a larger one, yet the other conveniencies, attending this ſmaller 
charge, are more than ſufficient to balance that particular. 

And here I muſt obſerve, that there have not been wanting 
perſons of conſiderable name, who have aſſerted (as appears from 
the manuſcript in queſtion) that the velocity of a 24 pound 
bullet was really greater with eight pounds of powder than 
with any larger quantity; founding their opinion on the ridi- 
culous perſuaſion, that whatever quantity was put in, no more 
than eight pounds of it took fire. But this poſition is deſtroyed 
by their own experiments, and their own reaſonings ; and later 
experiments, made with greater attention, put it beyond all 
doubt, that to the larger charge (at leaſt as far as twenty 
pounds of powder) there correſponds a greater velocity. 


IA | but 
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but juſt paſs through a piece of timber, and loſes 
almoſt all its motion thereby, has a much better 
chance of rending and fracturing it, than if it paſſed 
through it with a much greater velocity  _ 
That a better judgment may be made of the 
reaſonableneſs of this ſpeculation, the author thinks 
proper to add (and he believes future experience 
will not contradict him) that a 12 pounder, as 
here propoſed, which is one of the ſmalleſt pieces 
at preſent under conſideration, when charged with 
one third of the weight of the bullet in powder, will 
penetrate a beam of the beſt ſeaſoned, tougheſt 
oak to more than twenty inches depth; and if, 
inſtead of one ſolid beam, there are a number of 
{mall ones, or of planks laid together ; then allow- 
ing for the rending and tearing, frequent in ſuch 
caſes, he doubts not, but it will often go through 
near double that thickneſs, and this any where 
within a hundred yards diſtance : that is, any whete 
within that diſtance, which the moſt experienced 
officers have recommenced for naval engagements, 
In the ſame diſtance, a bullet from the 12 pounders 
now- in uſe, charged with half the weight of pow- 
der, will penetrate about one third part deeper : 
but if the efforts of each piece are compared toge- 
ther at five hundred yards diſtance, the differences 
of their forces will not be conſiderable. If this be 
fo, it will not be aſſerted, I imagine, that the 
12 pounder here propoſed is leſs uſeful, or leſs effi- 
cacious, for all naval purpoſes, than the weightier 
12 pounder hitherto made uſe of. | 
The author has in this propoſal fixed on the 32 
pounders, as the ſtandard for the reſt ; becauſe they 
have been authoriſed by long experience. But from 
the trials he has made, he is well ſatisfied, a much 
greater reduction of weight, than he here propoſes, 
might ſafely take place; and that one fourth, or 
even 
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even one fifth, of the weight of the bullet in 
powder, if properly diſpoſed, is abundantly ſuffi- 
cient for every ſpecies of ſhip-guns *®. However. 
the author is far from deſiring, that his ſpecula- 


tions ſhould be relied on in an affair of this nature, 


where he pretends not to have, tried the very matter 
he propoſes, but founds his opinion on certain ge- 


neral principles and collateral experiments, which, 


he conceives, he may apply to the preſent caſe 
without error. He would himſelf recommend an 
experimental examination of this propoſal, as the 


only one to which credit ought to be given. What 


he intends by the preſent paper, is to repreſent it 
as a matter worthy of conſideration, and reall 
ſuch as it appeared to him. If thoſe, to whoſe 


cenſure he ſubmits it, are of the ſame opinion, 


* This opinion is not advanced at random. I have my- 
ſelf procured to be caſt a 4 pounder of iron, weighing about 
two hundred weight, which is not one third of the weight 


here propoſed : As likewiſe two others, one of about three 
hundred weight, and the other about four hundred. That 


of three hundred weight, heing fired with twelve ounces 
of common powder, went through, at the ſame time, two 


3 of very found oak of four inches thick each, and a 


eam of the ſame fourteen inches thick, being in all twenty- 
two inches, and afterwards buried itſelf in a bank of earth. 
And this it likewiſe did on a ſecond repetition, when it broke 
off a piece of the beam of a quarter of a hundred weight, 
and drove it to above ten yards diſtance. The firſt and ſecond 
of theſe pieces, on repeated trials, burſt ; but the laſt of four 
hundred weight continues ſtill entire, and is, I conceive, as 
ſerviceable a field-piece as any whatever, notwithſtanding its 


| lightneſs. For with nine ounces of powder it throws its bullet 


point blank, as it is called, three hundred yards. And it will 
bear proving with twice or three times its proper charge. 
Indeed the other two, which were lighter, did not fail, I 
conceive, from a want of ſufficient ſubſtance, but from a par- 
ticular miſtake in their fabrick. However, the heavieſt of them 


is but about one quarter of the weight, they are generally 


made of; and conſequently, if capable of proper ſervice, 


might in particular emergencies be of infinite uſe. 
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there is an obvious method of determining, how 


far his allegations are concluſive; and that is by 
directing one of theſe pieces to be caſt, a 12 pounder 
for inſtance, and letting it be proved with the ſame 
proportion of powder, allotted for the proof of 
the 32 pounders. Then if this piece be fired a 
number of times ſucceſſively on a carriage, and its 
recoil and degree of heat be attended to, and if 


the penetration of its bullet into a thick butt of oak 


beams or plank be likewiſe examined; a judgment 
may thence be formed, of what may be expected 
from the piece in real ſervice; and the reſult of 
theſe trials will be the moſt inconteſtable confutation, 


or confirmation of this propoſal. 
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r A letter to MARTIN FOLIE EVS, Eſq; 

; Preſident of the Royal Society, in 
anſwer to one of his, incloſing a 
written meſſage from the Chevalier 

D'OssO RTO, Envoy from the King 
of Sardinia. 


l Have received a letter from you, in- 
=o! cloſing a meſſage, you have received 
from his excellency the Chevalier D'Os- 
soso, who, it ſeems, is deſirous of 
having a copy of a paper preſented to 
the Royal Society in relation to the proper charge of 
cannon: and which, you conceive, Sir, is my letter 
to Lord Anson of March laſt. As I eſteem my- 
ſelf greatly honoured by this requeſt; I cannot but 
deſire, that his excellency might have a copy not 
only of that, but of any other papers of mine relating 
to this ſubject. For as his Sardinian majeſty's curio- 
et ſity appears to be founded on ſome experiments made 
2 
: by his order at Turin; I am willing to hope, that 
this enquiry may give riſe to ſtill more deciſive trials. 
| T 4 And 
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And that the doctrine, I have advanced, may thereby 
be at laſt eſtabliſhed beyond the reach of contra- 
diction. But as the conſideration of the proper 
charge of cannon, to which this meſſage relates, and 
about which the experiments at Turin have been em- 
ployed, is a matter only occafionally mentioned in 
my papers; I beg leave to explain myſelf more at 
large to you on this head, than | have yet done; and 
to eſtabliſh the true principles, on which this inveſti- 
gation ought to turn. This I ſhall undertake with 
more boldneſs, as I am confident, that it has not 
hitherto been underſtood. And that all the experi- 
ments, I have ever yet heard of, which were made 
with this view, are extremely fallacious, and inca- 
able of determining the point in queſtion. And 
think, it will be no improper method of treating 
this ſubje&, firſt ro conſider the erroneous maxims 
and inconcluſive experiments, which have been uſu- 
ally adhered to; before I undertake to preſcribe the 
genuine idea, which ought to guide us in the pro- 
ſecution of the preſent enquiry. | 
Thoſe, who have attempted to aſſign the proper 
charges of cannon, (and there are few artilleriſts, who 
have not been engaged in this attempt) thoſe, I ſay, 
who have hitherto laboured in this matter, have uſu- 
ally ſuppoſed, that in every piece there was a certain 
charge of powder, which would give to the bullet 
a greater velocity than any other quantity of powder, 
either greater or leſs. And it hath been generally 
conceived, that this charge, producing the greateſt 
velocity, was that, where all the powder took fire. 
Now in confirmation of theſe opinions, ſome of the 
more induſtrious artilleriſts have fired the ſame piece 
of cannon at an unvaried elevation, with different 
charges of powder gradually increaſing in quantity; 
and they have pretended, that after uſing a certain 
charge, the range of the piece rather diminiſhed than 
increaſed on augmenting the quantity of powder. 
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Hence they have concluded, that this charge, which 


it was ſuppoſed ranged the bullet farther than any 
other quantity of powder would do, was the true 
and genuine charge of the piece in queſtion. But 
theſe opinions are all entirely erroneous, and the ex- 

riments fallacious. For neither is there any ſuch 
charge, as will give to the bullet a greater velocity, 
than would be produced by a larger quantity of 

wder (at leaſt not within the limits where it has 
been - uſually ſuppoſed) nor has the compleat firing 
of the powder any thing to do with the determination 
in queſtion. Nor do the experiments generally ſuc- 
ceed in the manner above-mentioned. Nor can it 
be always concluded, that the bullet, which ranged 


fartheſt, was diſcharged with the greateſt velocity: 


O that not only the principal ſuppoſitions, on which 
the inveſtigation of this proper velocity hath hitherto 
been founded, are faulty; bur all the ſuperſtructure 
is equally exceptionable. As, I hope, will ſuffici- 
ently appear from the following conſiderations. © 
For as this proper charge, producing the greateſt 


velocity, hath been uſually ſuppoſed to be between 


two thirds of the weight of the bullet, and one third; 
I am fully ſatisfied, from numerous trials, that, if, 
in ſmall pieces the charge be augmented greatly 
beyond theſe limits, the velocity will be thereby 
conſiderably increaſed. For inſtance, a common 
firelock, with a fit leaden ball of twelve to the 
pound, with a charge of one third of the weight of 
the bullet in powder, will be impelled with a velo- 
city of about 1 500 feet in 1“, with a charge of half 
its weight in powder, its velocity will be about 1700 
feet in 1“; with two thirds of the weight of powder, 
its velocity is about 1900 feet in 1“; but with twice 
the laſt charge, or one and a half the weight of the 


bullet, its velocity will be above 2300 feet in 1“. 


And this laſt proportion of powder being double the 


largeſt quantity hitherto ſuppoſed for the proper 
SOIT = charge, 
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charge, or for the charge productive of the greateſt 
velocity; it hence follows, that all the former deter- 
minations about this matter are extreamly erroneous, 

If it ſhould be faid, that in larger pieces the ſame 
concluſions will not hold, but that there an increaſe 
of powder beyond the cuſtomary charge (for inſtance 
more than + or + of the weight of the bullet) will 
not augment the velocity; 1 anſwer, that, I well 
know, that in pieces, whole lengths bear a leſs pro- 
portion to the diameters of their bores, the variation 
of velocity in the preceding inſtances would be leſs 


- Conſiderable. But that even then there is an increaſe 


of velocity always attending the increaſed charge, 
for the truth of which I appeal to vulgar and obvious 
experiments. For inſtance, in the proving of pieces 
with the weight of the bullet in powder (as is ſom@ 
times the practice) it is always found, that the recoil 
and heat of the piece, and conſequently the action 
of the powder on the bullet, is more forcible; and 


in this circumſtance the increaſed action of the pow- 


of. the bullet. ; TT EEE 199 
Io aſcertain this point ſtill more inconteſtably, J 
would adviſe thoſe, who imagine, that the weight 
of the bullet in powder does not produce a greater 


velocity than that of half the weight, to fire a piece 


der cannot but produce an increaſe in the velocity 


af cannon with theſe different charges againſt a bank 


of earth of a uniform conſiſtence, or againſt a butt 
of timber, and examine the different penetration of 
the bullet, taking care that the object, whatever it 
be, may not be farther from the piece than fifty 


yards. This experiment I have tried with a ſmall 


piece, with all the care I could, making uſe of bul- 
Jets of iron, which were turned to the bore; and I 
found in a piece about thirty diameters in length, 
(which is very near the proportion of a common ſix 
pounder) that, if I firſt fired it with half the weight 


of the bullet in powder, and meaſured the pene- 


tration 
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tration into a beam of very tough oak placed about 
ten yards diſtant, I could afterwards, by augmenting 
the charge, make the bullet penetrate more than half 
as deep again. | 

This may ſuffice to evince the falſity of that com- 
monly received principle, of there being a certain 
charge to every piece, which will produce a greater 


velocity than any other quantity of powder, either 


greater or leſs. Indeed I deny not, there is ſuch 
a charge in every piece, but it is much more than 


any that is made ule of, either for ſervice or proof; 


and what no piece caſt with the uſual dimenſions can 
ſuſtain, For it is ſuch a quantity of powder, as will 


fill up nearly + of the piece; and conſequently is too 
much to be ever applied for any practical purpoſe 


whatever; and therefore can be of no aſſiſtance in the 
examination of the preſent ſubject. | 
The very firſt ſuppoſition, then, on which the 
determination of the proper charge hath hitherto 
proceeded, being thus, as I conceive, overthrown; 
it remains to examine the experiments, to which the 
followers of this opinion have recurred in ſupport 
of their doctrine: that is to ſay, the experiments, 
where the ſame piece fired at a given elevation, hath 


ranged its bullet farther with this imaginary charge, 


than with a greater quantity of powder. And, with 
regard to this argument, I aſſert, that the whole 


tenour of it is fallacious, and has no other foundation 


but the irregularity of the ranges of the ſame piece, 
though charged and pointed in the fame manner; 
which, as I have formerly explained to the ſociety, 
is owing to the deflection of the bullet in the air from 
its original direction. Hence it happens, that the 
ranges are no meafures of its original velocity; be- 
cauſe ſometimes by a favourable deflection the ſmaller 
velocity may range farther: than the larger. And I 


aſſert, ' and have many experiments to produce in 


ſupport of this aſſertion, that all the pretended proofs 
ed 5 drawn 
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drawn from the experiments on the ranges of cannon, 
are made out by taking thoſe ranges only, where the 
deflection was favourable to the hypotheſis in que- 
ſtion, neglecting at the {ame time as irregular, thoſe 
where the reſult was contrary to it. For the whole 
ſtrength of this reaſoning has generally turned upon 
a difference of 100 or 200 yards in the ranges. And 
1 have by me a ſet of experiments made, as I con- 


ceive, with ſufficient care, where a 24 pounder, ele. 


vated to 7%, and charged each time with the ſame 
quantity of powder, hath in one ſhot ranged its 
bullet 2300 yards, and the very next time the range 


hath been more than 3000 yards. So that the range, 


with the ſame piece, elevation, and charge, doth 
ſometimes differ four or five times as much as the 
caſual differences, on which the opinion, here op- 
poſed, 1s pretended to be founded. 3 S 

If then the very idea of a proper charge, conſider. 
ing it as productive of the greateſt velocity, is itſelf 


chimerical within the limits of any practical deter- 


mination; and if the experiments, urged in ſupport 


of it, are ſuch, as naturally ariſe from the neceſſary 


irregularity, which always occurs in the compariſon 
of diſtant ranges; it may perhaps be aſked, on what 
principle the proper allotment of powder can be 
aſſigned, or what circumſtances. there are, that can 
at any time determine the proportion neceſſary to be 


obſerved between the weight; of the bullet and the 


charge of powder. 


And to this I anſwer, that the only maxim, which 


can aſſt. in fixing ſuch a determination, is this: that 
every effect to be produced by the uſe of fire- arms, 
ſhould be executed with the leaſt powder poſſible, 
not only as hereby much ammunition may be ſaved; 


but alſo becauſe with looks charges the piece is leſs : 


heated and ftrained, the ſervice of it is more prompt, 
and the flight of the ſhot is much more ſteady. _ - 


Now 
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Now from this maxim it follows, that, according 
to the different purpoſes, to which artillery is ap- 
plied, different charges ought to be made uſe of. 
For inſtance, the reſiſtance of the maſonry, with 
which the ramparts of fortified places are uſuall 
faced, being much greater than that of the ſides of 
the ſtouteſt ſhips; the allotment of powder for bat- 
tering in breach, and for firing againſt ſhipping, 
ought to be different. And the reſiſtance of human 
bodies being ſtil] greatly ſhort of either of theſe; 
all field- pieces, or ſuch, as are uſed againſt troops, 
ought to be charged with a yet ſmaller proportion 
of powder. And though in theſe caſes there is no 
abſolute invariable ſtandard to be aſſigned; yer I 
conceive, that ſomething not very diſtant from the 
truth may be deduced from conſidering the limits, 
within which all the three forementioned operations 
are contained. N 
For as to battering in breach, I well know, that 
in moſt of the ſieges, which the French have lately 
undertaken, they have ſucceeded extremely well with 
one third of the weight of the bullet in powder. 
Indeed the difference in force betwixt a bullet fired 
with one third of its weight in powder, and two 
thirds, is ſo very little, that the other advantages 
of the ſmaller charges greatly overbalance it; and 
therefore it ought to be allowed as an invariable 
rule, never to exceed this proportion of one third 
of the weight of the bullet in the ſervice of any 
piece of artillery whatever; no not under any pre- 
tence of the great diſtance of the object. For 
I know, that, in great diſtances, the augmenting 
the quantity of powder is only an imaginary ad- 
vantage. | | 
- With reſpect to the firing at ſhips, eſpecially with 
heavy cannon, I could wiſh, the charge was ſtill 
farther diminiſhed to a fourth or fifth; for I am 
ſatisfied from my own experiments, that (not to 
2 ”= 8 mention 
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mention the other advantages) the havock made by 
bullets fired with thoſe ſmaller quantities would be 


much greater, than what is produced by the enormous 
charges now in uſe. | | 


And laſtly, as to the firing againſt troops in the 


open field, it is difficult to conceive, how very ſmall 
a proportion of powder will give to a bullet ſuch a 
force, as will render it mortal to thoſe, it ſtrikes, 
For it appeared by experiments formerly exhibited 
before the ſociety, that an ounce of powder in the 
chamber of a ſmall mortar, threw a 24 pound ſhot 


to above 240 yards. This bullet then received from 


the action of the powder as great a force, as it would 
have acquired by falling from a height equal to that 
of St. Paul's church. And it is ſufficiently obvious, 
that a heavy bullet, let fall from ſuch an eminence, 
muſt have killed any perſon it had fallen on. And 
leſt it may be ſuppoſed, that in this caſe the weight 


of the bullet might contribute more to the ſtroke 


than its celerity, I muſt add, that a fit bullet, fired 
from a muſket of the common calibre with r part 
of its weight in powder, will go through a plank of 
fir of above an inch thick, and will doubtleſs produce 
a mortal wound in any vital part of the body. For 
it will penetrate into any ſoft ſubſtance near ten 
times deeper than a bullet diſcharged from the beſt 


croſs-bow, I have ever yet met with, which yet is 


uſually eſteemed a mortal weapon. And comparing 
together the various experiments I have made, and 


the different circumſtances neceſſary to be conſidered, 


I am fully ſatisfied, that no field-piece, whether 
fired with round-ſhort or with grape-ſhot, ought ever 
to be allowed more than + of the weight of the 
bullet in powder, and when troops are near, and 
grape-ſhot is of uſe, even 4; of the weight of the 
bullet will do great execution. For by large quan- 
tities of powder, grape-ſhot is often diſperſed, and 
rendered ĩneffectual; whereas with ſmaller charges 

| it 
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it flies more ſteady and compact, its direction can 
be more relied on, and the ravage it makes amongſt 
troops is more terrible by its falling directly upon 
one particular part, and thereby opening the line. 
And this ſmallneſs of the charge too, requiſite for 
field-pieces, when the reaſons of it ſhall be once 
well underſtood, and the practice eſtabliſhed, will 
enable them to be made extremely light, and will 
thereby render their tranſportation and ſervice much 
more eaſy, than it has been hitherto: and will like- 
wiſe produce many other advantages not neceſſary 
to be here recounted. 

I am ſenſible, that with reſpect to the diminiſh- 
ing the weight of field-pieces, many attempts have 
been made towards it within the laſt fifty years. 
But the general miſtake of thoſe, who have engaged 
in it, hath been either the ſerving theſe lighter 
pieces, with the ſame large charge allotted to the 
heavy ones; or if they did diminiſh the charge, the 
inſiſting - that with this diminifhed charge the bullet 
was not ſo ſtrongly impelled as with a greater quan- 
tity of powder. But this laſt aſſertion, as it was an 
inſupportable falſhood, laid them under great diffi- 
culties, and gave the officers of artillery (who, from 
2 religious attachment to the practice of their pre- 
deceſſors, were more uſually their declared enemies) 
great advantages over them. | 

If it ſhould be urged, that though the ſmall 
Charges, I have here recommended, are ſufficient 
for doing execution near at hand; yet they are no. 
ways adapted to the purpoſe of diſtant cannon- 
adings: I anſwer, in the firſt place, that theſe 
diſtant cannonadings are rarely of conſequence, and 
therefore are not properly the conſiderations, on 
which the preſent matter ought to be decided. But 
farther I aſſert, that the difference in the ranges, or 
in the force of the bullets at a diſtance, when fired 
with + of theic weight of powder, for inſtance, _ 

| | wit 


— ,! 0 © $ 

with 2, is too inconſiderable to merit attention. For 
from the principles I have formerly eſtabliſhed, ir 
follows, that a 4 pounder elevated to 107%, and 
fired with the ſmaller of theſe charges, ought to 
range about a fifth part ſhort of what, it would do 


when fired with the larger, and at the end of theſe 


reſpective ranges the difference in the velocities of 
the bullet will be inſenſible. 

This, fir, is the ſubſtance of what hath occurred 
to me, on the preſent ſubject ; every part of which, 
ſhould it be doubted, I can undertake to evince by 
unqueſtionable experiments. If this letter appears too 
prolix, conſidering the great ſimplicity of the ſub- 
ject, I muſt excuſe mylelf by obſerving, that it is 
a misfortune common to all thoſe, who have firſt 
reformed any branch of ſcience, to have been obliged 
to waſte great part of their time, and to employ 
many arguments in rooting out the prejudices, which 
they found already eſtabliſhed ; although theſe pre- 
judices had no other foundation but the reverence, 
they had acquired from age, and from the habitual 
_ aſſent, they bad been long received with. Indeed [ 
am myſelt ſo fully perſuaded of the difficulty of 
confuting long confirmed prepoſſeſſions, that not- 
withſtanding all that hath been already ſaid; I can- 
not finiſh this letter without a ſhort recapitulation of 
What, I have here advanced. Which is, that the 
hypotheſis of a proper charge, conſidering it as what 


would produce the greateſt velocity, is chimerical; 


that the experiments urged in ſupport of it are fal- 
lacious. That the greateſt velocity, if it were at- 
tainable, is not the moſt eligible, it being often leſs 


efficacious than a ſmaller degree; that the only 


proper principle for determining the moſt convenient 
charge, is that of uſing the leaſt powder poſſible 
with regard to the particular purpoſe in view. 
Therefore, that the charges ought to vary according 


to the different ſervices. That in almoſt every 


modern 
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modern practice, the charges are too great.. And 


that in firing againſt troops in particular, bullets 
impelled with velocities greatly ſhort of thoſe now 


' eſtabliſhed are to the full as effectual. That con- 


ſequently in this caſe the charges may be extremely 
diminiſhed. And thence the whole eſtabliſhment of 
the modern field trains ought to be entirely changed. 
I ſhall only add, that the ſpeculations- of artilleriſts 
on the proper lengths of pieces have been embar- 
raſſed with errors of a like nature with thoſe I 
have already cenſured, and that the deciſion of 
that matter can never be attained on the princi- 
ples they have aſſumed. | 
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h — AVI NG. principally by your fa- 


vour procuted' leave to make ſome 
trials with large cannon at Chatham, 
I think jt my duty to lay the reſult 
of them before your lordſhip, eſpe- 
> cially as rhe ſubject of them relates 
to a matter about which I have formerly troubled 
your lordſhip ; I mean, the diminiſhing the allotment 
of powder for heavy cannon, and thereby facilitating 
the reduction of the weight of thoſe pieces. 

And that I may not be miſunderſtood upon 
this head, I beg leave to explain in a few words 


the maxims, I have formerly advanced, and which 
9 ; | I gon- 
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I conceive are fully confirmed by my late trials. 
| This is the more neceſſary for me to do; fince 1 
have found the prejudices, and the erroneous opi- 
nions at preſent prevailing among the practitioners 
| of artillery, have by miſtake been often blended with 
what I have advanced upon this ſubje&; and I have 
| thereby had poſitions imputed to me, which were 
directly contrary to what I have always maintained. 
To begin then; although I am fatisfied, that no 
charges of powder, either now, or at any other 
time, in common uſe are ſo great, but that by 
augmenting their quantity ſome addition will bemade 
to the velocity of the ſhot, and to the effort of the 
bullet near at hand; yet in large charges, I affirm, 
that the addition of the force of the bullet is very 
ſmall in compariſon of the increaſed proportion of 
the charge, and even this ſmall addition of force is 
preſently taken away by the vaſt reſiſtance of the 
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y air to great velocities ; whence neither the diſtance, 
= to which the bullet flies at an elevation, nor the 
force of the bullet at the end of its flight, is ſenſibly 
augmented by very great augmentations of the 
quantity of powder. I affirm too, that in many 
| inſtances the increaſing the velocity of the bullet is 
1 not only an uſeleſs, but a prejudicial practice; ſince, 
* in penetrating ſolid bodies, that bullet which has 
5 but juſt force enough to go through, will produce 
It — greater effect, than a bullet, which has a con- 
e- ſiderable velocity left after it has got through. I 
es muſt farther add, that both the ranges and effects 
d of bullets fired with ſmall proportions of powder do 
nt much- ſurpaſs the expectations of all thoſe, whether 
8 artilleriſts, or others, who have not made the re- 
quiſite experiments upon this ſubject. Fog 6 
on Theſe, my lord, are the hypotheſes, which, as your 
ds lordſhip knows, I have always maintained, and are 
ch the poſitions, I have had principally an eye to in 
n- my late experiments at Chatham, where, on the 11th 
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of July laſt, I got an 18 pounder on ſhore, which 


was the largeſt piece I could procure : This piece 


had its breech laid down as low as its carriage would 
rmit, (when it was elevated ſomewhat ſhort of 


5 15*) and then inſtead of 9 pound of powder, which 


is its cuſtomary charge, it was tried with + of a 


pound only, with which allowance it ranged the 
bullet in ſeveral trials from 220 to 250 yards. It 


was obſervable, that when the bullet lighted on dry 


firm ground, it roſe again and bounded on to 4 


conſiderable diſtance ; but meeting once with a ſmall 


bank of meadow ground it rem near three feet 


deep into it. 

By comparing together the beſt accounts of the 
antient military machines, I conceive, the velocity, 
with which their charges were projected, rarely exceed 


the velocity of the bullet fired with the ſmalleſt pu: 


tance of powder. 

The next trial was with! 3 a pound of powder, or 
with the g part of the uſual charge, and the ele- 
vation now but 12% This bullet ranged 500 yards, 
where grazing it bounded on to near 300 yards 
farther. : 


Trying now with 1 pound of der, or the 5 of 


the cuftomary charge, and elevating the piece to near 
15*, the bullet ranged from 1400 to 1600 yards, after 
whieh the elevation being diminiſhed to 5 I ranged 


from 550 to 630 yards. 
Wich 2 pound of powder, at only 3 elevation, 
the bullet ranged from goo to 1100 yards, when at 


15. it would have ranged to a mile and a half. 


With 3 pound, and an elevation of 65, the bullet | 
ranged from 1500 to 1650 yards, and with 3+ pound 


of powder, and the ſame elevation, ranged twice to- 


gether to 1760 yards. or an Engliſb mile Juſt. From 


which experiments, I conclude, that at 15* it would 
have flown at leaſt _ yards, 


Theſe 
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Theſe were the principal trials with regard to the 
ranges of an 18 pound bullet with ſmall charges of 
powder. Theſe ranges, I conceive, will be acknow- 
ledged to exceed the expectations of thoſe, who have 
not been converſant in trials of a like kind; and the 
ranges in the two laſt trials with 34 pound of pow- 
der at 6* would not be encreaſed mote than 200 
yards by an addition of 7 pound more of powder, 
as I can eaſily evince by experiments, which I have 
in my poſſeſſion. 8 | 
The next experiments were made to examine the 
penetration of bullets fired with theſe ſmall pro- 
portions of powder in maſſes of timber. For this 
purpoſe a butt of about 5 feet ſquare was framed of 
two ſheets of the tougheſt, dryeſt oak plank ; the 
firſt ſheer conſiſted of planks ſet perpendicularly in 
the ground: Bur in the ſecond the planks were laid 
horizontally, each plank was 6+ inches thick, ſo 


that the whole butt was 13 inches thick, and was 


bound together by croſs pieces, which were well ſup- 
ported by props both before and behind. It was 
placed about 30 yards from the muzzle of the 18 
pounder. 5 e . 

With 1 pound of powder the bullet in repeated 
trials always paſſed through the whole butt, pene- 
trating the firſt ſheet of oak in a hole, which was 
free from ſplinters, but ſplintering the ſecond ſheet 


greatly, and driving the ſplinters from 10 to 30 


yards diſtance. „ : 

The firſt butt being ruined, another was made of 
five thickneſſes of plank inſtead of two, ſo that it was 
322 inches through; the doubles here were placed 
perpendicular and horizontally alternately, each plank 
was trunnelled with three trunnels to that next be- 
hind it, and the whole was bound together by croſs 


pieces, and was moſt firmly ſhored on both ſides. 


The 18 pounder ſucceſſively charged with 3+ 
pound, with 3 pound, and with 24 pound of powder, 
ä the 


nA 8 


the bullet in each ſhot went through the butt, drivin 8 1 


every time great quantities of ſplinters before it; 
but the laſt ſhot of 24 of powder made much the 
greater ravage; for it drew the trunnels, and ſepa- 
rated the doubles of plank from each other, and 


broke the hindermoſt plank (which was 6+ inches 


thick, and 15 inches broad) ſhert in two. 15 
As I was aware, that the reſiſtance of theſe doubles 


of plank was leſs than that of large ſolid beams of 
tim 


r; I direted a third butt to be made of dry 


ſeaſoned beams of Engliſh oak, theſe beams were 


about a foot and a half thick, and about two feet 


broad. Three of them were ſet perpendicularly into 


the ground cloſe to one another; then three more 
were laid on each other horizontally for a ſecond 
row; afid three more were ſet perpendicularly be- 
- hind ;, the butt thus formed was 4 feet thick, and 
was bolted through with iron bolts of 14 inch dia- 
| ae 4 it was beſides ſtrongly ſnored both before and 
behind. | 1 

The 18 pounder fired with 6 pound of powder 
the bullet in ſeveral ſhots penetrated into this maſs 
of timber from 37 to 46 inches deep. _ | 

With 3 pound of powder the penetration was 

near 33 inches. | | 


With 2+ pound of powder the penetration was 28 


inches. 
With 1 pound of powder the penetration was from 
14+ to 155 inches. x | 
I muſt obſerve, that in all theſe inſtances great 
care was taken, that each ſhot ſhould be planted in 
a freſh ſound part of the butt, where the timbers 
had not been injured by the preceding trials; and [ 
cannot but take notice, that the iron bolts, which 
bolted the butt together, were bent by ſhaking of the 
beams, as if they had been of ſmall wire only. 
It may perhaps be objected, that the diſtance of 
my butt from the piece was too little, and that had 
| ut 
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OF GUNNERY. : ab 
it been removed farther off, the force of the bullets 
fired with their ſmall charges would have been much 
ſhott of what I have deſcribed; if this ſhould be 
urged, I anſwer, that I was obliged to place the butt 
nearer than I would have done, on account of the 
ground, which was a moraſs, paſſable only in a few 

laces. However, I am well ſatisfied, that in much 
greater diſtances from the piece, the penetrations 
would not have been ſenſibly ſhort of what they 


came out in theſe trials. For firing 3 pound of 
powder at a firm bank of earth, which was 700 
yards diſtanty the bullet went through it, where it 
was eight feet thick. I muſt add, that no endea- 
vours were at any time uſed ro augment the force 


of the powder; for the bullet was always thruſt into 
the cartridge clofe upon the powder, and then the 
whole was put up the piece together without ramming;' 


and without any wad either upon the powder or the 


bullet. 


From all theſe experiments, I hope, my lord, 1 


may conclude, that imall charges are much more ef- 


ficacious, than has been generally believed; that after 
a certain charge (for inſtance, 34 pound of powder in 


an 18 pounder) all addition of powder will create 


but an inconſiderable change either in the range at 
an elevation, or in the force at a diſtance: And 


that the penetration of an 18 pounder with 3 pound 


of powder is more than ſufficient for traverſing the 


ſides of the ſtouteſt ſhips. The deductions trom 


_ theſe principles are very numerous, and may prove 

of moſt extenſive uſe in the ſervice of artillery botlt 
at ſea and on ſhore; but as I have already treſpaſſed 
ſo long on your lordſhip's patience, I ſhall refer 


theſe conſiderations, together with an account of the 
trials of another nature, which 1 made at the ſame 


time at Chatham, to a future diſquiſition. 
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On pointing, or the directing of cannon 
to ſtrike diſtant objects. 


. 


WOO HE art of pointing of cannon, ſo as 
* = to ſtrike diſtant objects, depends upon 

| two things; the firſt of which, is the 
Res tracing on the outſide of the piece a 
8 . viſual line parallel to the axis, by which 
means the piece is to be directed in all ſmall diſtances 
of the objects; and the other is, the determining the 
allowance to be made in diſtant ſhot for the incur- 
vation of the flight of the bullet. | 

The firſt of theſe is uſually called diſparting, and 
is performed by taking half the difference of the 
diameters of the muzzle and baſe ring, and ſetting 
it perpendicularly on the muzzle ring directly over 
the center; for then a line, which paſſes from that 
point in the baſe ring, which is directly over the 
center of the piece, to the extremity of the diſtance 
thus placed on the muzzle ring, will, when the 
piece is truly bored, be parallel to its axis; and 
8 in ſmall diſtances, where no allowance 
is to be made for the incurvation of the ſhot, this 


will be the proper viſual ray, for pointing the 
piece; and even in diſtant ſhot, where allowances 
are neceilary, thoſe allowances cannot be regulated, 
till this line be firſt aſſigned; for, as the object 
is more diſtant, the more muſt the piece be elevated 
above the line drawn from the piece to the object. 
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Or GUNNERY. 313 
What this elevation is, in regard to the different 
diſtances of the object, and how to be eſtimated, - 


I ſhall now proceed to ſhew. 


The incurvation of a ſhot towards the ground 
in its flight is (ceteris paribus) greater or leſs, accord- 
ing to the different charges of powder made uſe of: 
But as, for reaſons explained in another place, we 
have ſuppoſed, that ſuch a charge, as produces a 


velocity between 1100 and 1200 feet in a ſecond, ' 


is in many caſes the moſt eligible ; we ſhall there- 
fore take it for granted, that the pieces we are now 
conſidering, are diſcharged with ſuch a quantity of 
powder, as will nearly produce that velocity. And 
then, if the ſhot were not retarded by the reſiſtance 
of the air, the range correſponding to one degree 


of elevation of this piece might be reckoned 450 


yards; to two degrees 900; to three degrees 13503 


and ſo on; for, independent of the air's reſiſt- 


ance, the ranges at different elevations would be 
nearly in proportion to thoſe angles, at leaſt as far 
as eight or ten degrees. But the reſiſtance of the 


air will alter the caſe conſiderably; for that reſiſt- 


ance, by perpetually diminiſhing the ſwiftneſs of the 
bullet, will occaſion its track to be more incurvated, 
than would otherwiſe happen, and conſequently the 


ranges will be diminiſhed. And this diminution 


of the range will be greateſt in the ſmaller ſhot, 
as they are more powerfully retarded. And as the 


computation of theſe varieties may be thought too 


intricate to be perpetually recurred to, in order to 
avoid that trouble, I have inſerted in the annexed 
table the angles of elevation, which in different 
pieces correſpond to different diſtances, | 
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By this table, when the diſtance of the object is 
known, the angle, by which the axis of the piece 


ought to be elevated above the viſual line, or the 


Tine drawn from the * to the object, will be 
readily determined. For whether the object be 


above or below the piece, need not be conſidered; 
fince the range will always depend upon the angle, 


by which its axis is elevated above the viſual line; 
unlefs the inclination of that line to the horizon be 
much greater than uſually occurs in practice. Now 
when the angle of the axis with the viſual line is 
Known, the piece is eaſily directed in the following 
manner. | 3 | 8 

Meaſure the length of the piece from the middle 
of the baſe ring to the middle of the muzzle ring, 


and compute the tangent to the given angle of ele- 


vation to that radius; this may either be done by 
tables of tangents, or ſufficiently exact for our pur- 
poſe by ſuppoſing that to a radius of 1 foot, + 
of an inch is the tangent of a degree. This tan- 
| Sent 
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gent being found, ſuppoſe * CHBD to be the given 
piece, AB its axis, DE half the difference between 
the diameter of che muzzle ring and baſe ring ſet 
upon the muzzle ring according to our firſt di- 
rections, ſo that CE may be the line of diſpart; if 
now CG be erected upon the baſe ring equal to the 
tangent of elevation juſt found, then the line GE 
will be the proper line for the pointing of the piece; 
tor, when that line is directed to the object, the piece 
is juſtly laid. , 5 
If the directions here given are literally followed, 
there will be two perpendiculars erected, one upon 
the muzzle ring, and one upon the baſe ring, but in 
practice one is ſufficient; for if GC exceed DE, 
that difference only erected upon the baſe ring 
will with the muzzle ring at P give the line of 
direction; and if PE exceeds GC, the ſame dif- 
ference erected on the muzzle ring will in like manner 
with the baſe ring at C give the directions of the 
iece. | 
n J find, that the charge of powder producing ſuch 
a velocity, as I here ſuppoſe to be the moſt eligible, 
is from + to + of the weight of the bullet in 
powder, the different goodneſs of powder, and the 
difference in the lengths of pieces producing that di- 
verſity. And though by a variety in the charge the' 
velocity ſhould not be exactly what is here ſuppoſed ; 
yet in diſtant objects (where the principal difficulty lies) 
the inequality ariſing from thence will not be re- 
markable; or if it be, it may be eaſily rectified af- 
ter the ſucceſs of three or four ſhot have been at- 
tended to. . 
I ſhall only add, that in diſtances not exceeding 
500 yards it is not neceſſary to recur to the table 
inſerted above; nor to make any difference in the 
pointing of the different pieces. For if in thoſe 


Plate II. Fig. 11. 
| ſhort 
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ſhort diſtances + of a degree be ſuppoſed to be the 
inclination correſponding to every 100 yards, the 
reſult will in all Kinds of cannon be ſufficiently near 
for practice; as will readily appear to thoſe, who ſhall 


compare the inclinations deduced from this rule with 
the angles inſerted in the table. 


Here ends Mr. Robins's manuſcript. I am ſen- 
fible, he wrote other tracts on this ſubje& of gun- 
nery, beſides theſe I now publiſh. In particular, 
on the gth of April 1747 there was read before 
the Royal Society a Letter of his to admiral Anſon, 
on occaſion of the manuſcript put into his hands by 
the admiral, which was taken on board the French 
ſhip the Mars: and alſo, on the 2d of the following 
Fuly, a Diſſertation of his concerning the nature and 
advantage of rifled barrel pieces. This I have 


heard much commended by ſeveral gentlemen, who 


were preſent at its reading. | 

From his memorandums, I find, he had made 
many experiments on theſe ſorts of barrels during 
the month of March in 1745; and to a rough 
draught of a Diſcourſe on the irregularities ſhot. 
were liable to (which irregularities he has fully 
deſcribed at page 196 &c. of the foregoing tracts) 
he ſubjoined what follows. 25 


« | muſt add, that the ſole advantage of rifled 


« pieces is their preventing this irregularity ; for 


a 


<« the bullet, they give it a rolling motion round an 


e axis, Which is coincident with the line of its di- 
erection, by which means its reſiſtance is equal on 
every part of the ſurface, that goes foremoſt; 
% intervene, it will be preſently rectified by that 
e part ſhifting to the contrary ſide of the axis. 
And this is agreeable to what has been uni- 


« verſally practiſed in relation to arrows; for the 


To fea- 


« by the ſpiral turns of the rifle, cloſely confining _ 


and if a ſmall inequality ſhould at any time 
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feathers of an arrow (as is well known to archers 

are always placed in a ſpiral form, ſo as to make 
an arrow ſpin round its axis, without which their 
eye-ſight would inform them, that the arrow 
undulated in the air, and did not keep accurately 


to its direction. This principle is confirmed 
too by the neceſſity, which every ſchool- boy 


_ himſelf under of making his ſhuttle cock 
Pin. R 8 | 5 
have made ſome experiments on ſimpler 
methods of performing this, and applicable to 
iron bullets; my ſucceſs as yet has not been what 
I could wiſh; but it has however been ſufficient 
to encourage a farther proſecution, which if 1 
ſhall ever purſue farther, I know not.“ 

Beſides, in a Letter Mr. Robins wrote to Aex- 


ander Hume, Eſquire, dated Fort St. David, 18 Ofto- 
ber 1750, there is the following paſſage commu- 
nicated to me by Charles Frederick, Eſquire, ſurveyor 
general of his Majeſty's ordnance. . - 
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* If you remember, what paſſed | in con- 
verſatien with Mr. Frederick in relation to light 
pieces bf cannon; you will not be diſpleaſed ro 


hear the reſult-of ſome trials, I have made ſince 


my arrival here. Theſe trials were made with 
two ſix pounders, both of them elevated to 115. 
One of theſe was a heavy piece, weighing 
above 21 hundred weight, and about eight feet 
in length, The other was only four feet three 
inches long, and weighed but five hundred 
weight. The ſhort piece being loaded with 13 
pound of powder, and the long piece with three 
pounds, and four ſhot being fired from each ; 
it was found, that the two moſt diſtant ranges 
of the ſhort piece exceeded the two leaſt ranges 


of the long piece, and that the medium of the 
ranges with the long piece exceeded the medium 


of the ranges with the ſhort piece by little —_ 
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* than 300 yards in 2500 yards. All which, I 
<< believe, Sin, you will, on recollection, find to 
« be conſonant to what I aſſerted at your houſe. 
J hope to procure ſome iron pieces nearly as 
« light as the abovementianed {ix pounders, Theſe 
#< pieces in this country being of infinite ſervice 
6 in the field. „ 55 
I ſhall conclude this volume with two diſcourſes 
on the height, to which rockets aſcend; the firſt 
written by Mr. Robins, the other by his friend 
Mr. Ellicott. | ö 
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: Obſervations on the height to which 
| rockets aſcend, Read befor 0 the 


Royal Society, May 4, 1749, and 
publiſhed in the Philoſophical Tranſ- 
Actions, Numb. 4922. 


E uſe of rockets is, or may be, fo 
Az conſiderable in determining the poſition 
ef diſtant places fo. each other, and in 

F giving. ſgnals for naval or military pur 


-. 


My friend was provided with an inſtrument, 


* 
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of the building erected in the Green- Park. There 


he obſerved, that the ſingle rockets, which roſe the 2 
mot erect, were uſually elevated at their greateſt I 
height-about 6° above his level; and that amongſt p 
thefe there were three, which roſe to 7*2; and that n 
in the laft great flight of rockets, ſaid to be 6000, c 
the creſt of the arch, formed by their general figure, t] 
was elevated about 8˙. From the care and dex- 

terity of my friend, and the nature of the inſtru- la 
ment, I doubt not, but theſe obſervations are true 2 
within a few minutes. | . Ir 
The diſtance of this ſtation from the building n 
in the Green-Park is 4000 yards, according to the n 
laſt great map of London: and hence it appears, ſt 
that the cuſtomary height, to which the ſingle, or - tl 
honorary rockets, as they are ſtyled, aſcended, was w 
near 440 yards; that three of theſe roſe 526 yards; 2 
and that the greateſt height of any of thoſe, fired th 
in the grand girandole, was about 615 yards: All un 


reckoned above the level of the place of obſervation, 
which I eſteem to be near 25 yards higher than 
the Green-Park, and little leſs than 15 yards below 
the cheſts, whence the great flight of rockets was 
diſcharged. F 
It ſeems then, there are rockets, which riſe 600 
yards from the place, whence they are diſcharged: 
And this being more than a third part of a mile, it 
follows, that, if their light be ſufficiently ſtrong, 
and the air be not hazy, they may be ſeen in a level 
country at above 50 miles diſtance. | 
The obſervations on the ſingle rockets are ſuffi- 
ciently conſonant to ſome experiments, I made 
myſelf about a fortnight ſince : for then I found, 
that ſeveral ſingle pound rockets 'went to various 
heights between 450 and 500 yards; the altitude 
of the higheſt being extremely near this laſt number, 
and the time of their aſcent uſually ſhort of ſeven 
ſeconds. | 8 „ 
But 
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But though from all theſe trials it ſhould ſeem, 
as if good rockets of all ſizes had their. heights 
limited between 400 and 600 yards; yet I am diſ- 
poſed to believe, that they may be made to reach, 
much greater diſtances. This J in ſome degree 
collect from the nature of their compoſition, and 
the uſual imperfect manner of forming them. 
Nor is this merely matter of ſpeculation ; for I 
lately ſaw a dozen of four pound rockets fired; the 
greateſt part of which took up near fourteen ſeconds 
in their aſcent, and were totally obſcured in a cloud 
near nine or ten ſeconds of the time; fo that the 
moment of their burſting was only obſervable by a 
ſudden glimmering through the clouds, And as 
theſe rockets, during the time they were viſible, 
were far from moving with a languid motion; I 
cannot but conceive, that the extraordinary time of 
their aſcent muſt have been attended by a very 
unuſual riſe, = X 


Vor. 1. Xx mM 


An account of ſome experiments, made 
by Benjamin Robins, Eſq; F. R. 8. 


Mr. Samuel Da Coſta, and ſeveral 


other gentlemen, in order to diſcover 


the height to which rockets may be 


made to aſcend, and to what diſtance 
their light may be ſeen; by Mr. John 
Ellicott, F. R. 8. Read before the 
Royal Society December 13, 1750, 


and publiſhed in the Philoſophical 


Tranſactions, Numb. 496. 
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98 'S works“ in the Green-Park, Mr. Robins 
= AY communicated to this Society an ac- 
count of the height, to which ſe» 
veral of the rockets there fired were obſerved to 


riſe. In this account, after having given a ſhort 


deſcription of the inſtrument with which the heights 


were meaſured, he obſerves, that the cuſtomary 
height, to which the ſingle or honorary rockets, as 

they are ſtyled, aſcended, was about 465 yards; 
that three of them roſe to about 550 yards; and 


the greateſt height of any of thoſe fired in the grand 


girandole was about 600 yards. He likewiſe fur- 
ther obſerved, that, ſuppoſing rockets are made to 


On occaſion of the late peace. 


4 | aſcend 


Hoco after the exhibition of the fire- 
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aſcend 600 yards, or more than a third of a mile, 


it follows, that, if their light be ſufficiently ſtrong, 


and the air not hazy, they may be ſeen in a level 
country at about 50 miles diſtance; and that from 


the nature of the compoſition, and the uſual im- 


perfect manner of forming them, he was of opi- 


nion, that rockets were capable of being greatly 


improved, and made to reach much greater 
diſtances. | 
Mr. Robins not having been able to obtain any 
certain account to what diſtance any of theſe rockets 
were actually ſeen, and conſidering the great uſe 
that might be made of rockets in determining the 
poſition of diſtant places, and in giving ſignals for 
naval and military purpoſes, he reſolved to order 


| ſome rockets to be fired at an appointed time, and 


to deſire ſome of his friends to look out for them 


at ſeveral very diſtant places. 


The places, fixed upon for this purpoſe, were 
Godmarſham in Kent, about 50 miles diſtant from 


London; Beacon-Hill, on Tiptery-Heath in Eſſex, 
at about 40 miles; and Barkway, on the borders of 


Hertfordſhire, about 38 miles from London. 


Mr. Robins accordingly ordered ſome rockets to 


be made by a perſon many years employed in the 
Royal Laboratory at Wooltwich; to which ſome gen- 


tlemen, who had been informed of Mr. Robins's 


intentions, added ſome others of their own making. 
The 27th of September 1748, at eight in the eve- 
ning, was the time appointed for the firing of them; 
but through the negligence of the engineer, they 
were not let off till above half an hour after the 
time agreed upon. There were in all a dozen 
rockets fired from London-Field at Hackney, and the 
heights were meaſured by Mr. Canton, Mr. Robins 


being preſent, at the diftance of about 1200 yards 


from the poſt from whence the rockets were fired. 


The greateſt part of them did not riſe to above 
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400 yards; one to about 500, and one to 600 
yards nearly. 
By a letter I received the next day Grow the 
Reverend Dr. Maſen of Trinity-College, Cambridge, 
who had undertaken to look out tor them from 
Barkway on the borders of Hertfordſhire, 1 was in- 
formed, that, having waited upon a hill near the 
town wich ſome of his friends till about half an hour 
paſt the time appointed, without perceiving any 
rockets, as they were returning to the town, ſome 
of the company ſeeing through the trees what they- 
wok to be a rocket, they immediately haſtened back 
out of the cloſes into the open fields, and plainly 
faw four riſe, turn, and ſpread. He judged, they 
roſe about one degree above the horizon, and that 
their lights were ſtrong enough to have been ſeen 
much turther. | 
From Eſſex I was informed, that the perſons 
on Tiptery-Heath ſaw eight or nine rockets very 
diſtinctly at about half an hour paſt eight; and 
likewiſe greatly to the eaſtward of thoſe five or 
fix more. The gentlemen from Godmarſham in Kent, 
having waited till above half an hour paſt eight 
without being able to diſcern any rockets, they 
fired half a dozen, which from the bearings of the 
places were moſt probably thoſe ſeen to the eaſt- 
ward by the perſons upon Tiptery-Heath; and if 
the ſituations, as laid down in the common maps, 
are to be depended upon, at about 35 miles 
diſtance. 
The engineer being of opinion, that he could 
make ſome rockets of the ſame. ſize as the former, 
that ſhould riſe much higher, Mr. Robins ordered 
him to make half a dozen. Theſe laſt were fired 
the 12th of Ocber following from the ſame place, 
and in general they roſe nearly to the ſame heights 
with the foregoing ; excepting one, which was ob- 
2 * to riſe 690 yards, Tho evening proved very 
* hay, 
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hazy, which rendered it impoſſible for them to 
be teen to any conſiderable diſtance. 

It being obſerved in theſe trials, that the largeſt 
of the rockets, which were about two inches and 


a half in diameter, roſe the higheſt; Mr. Robins 


intended to have made ſome more experiments, in 
order to a further diſcovery, what ſized rockets 
would riſe higheſt. But his engagements with the 
Eaſt-India company preventing him, Mr. Samuel 
Da Caſta, late of Devouſhire-Square, a gentleman of 
an extraordinary genius in mechanicks, and indefa- 
tigable in the application; Mr. Banks a gentleman, 
who had for many years practiſed making rockets, 
and two other perſons, undertook the proſecuting 
theſe enquiries z and having made ſeveral experi- 


ments, as well with regard to the compoſition as 


the length which rockets might be made to bear 
in proportion to their diameters, and of different 
{ized rockets from one inch and a half to four inches 
diameter, they intended this winter to have made 


trials of ſome of yet greater diameter, had not 
the death of Mr. Da Coſta prevented it. 


I hall therefore beg leave to give ſome account 


of the ſucceſs, which has hitherto attended this 
undertaking, ſo. far as they went: and as it has 
been much beyond what was expected, I am in 


hopes, this ſhort relation will not prove unaccep- 


table. 1 
Amongſt ſome rockets fired in the laſt ſpring, 


there were two made by Mr. Da Cofta of about 


three inches and a half diameter, which were ob- 
ſerved to riſe, the one to about 833, the other 

to 915 yards. At a ſecond trial, made ſome time 
after, there was one made by Mr. Da C9/ta, of four 


inches diameter, which roſe to 1190 yards. The 


laſt trial was made the latter end of April 17450, 
where 28 rockets were fired in all, made by dif- 
ferent perſons, and of different ſizes, from on 
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inch and a half diameter to four inches; the moſt 
remarkable of each ſize were, as follows; one of one 
inch and a half roſe to 743 yards; one of two 
inches to 659 ; one of two inches and a half to 
880; another of the ſame ſize, which roſe to 1071; 
one of three inches to 1254; one of three inches 
and a half to 1109; and one of four inches, which 
after having roſe to near 700 yards, turned, and 
fell very near the ground, before it went out. Theſe 
were all made by Mr. Da Caſta. Beſides theſe there 
was one of the rockets of 24 inches in diameter, 
| Which roſe to 784 yards, and another made by 
Mr. Banks of the ſame ſize to 833, 
As the making of large rockets is not only very 
expenſive, but likewiſe more uncertain than thoſe 
of a leſſer ſize; ſo from the laſt experiments it is 
evident, that rockets from two inches and a half to 
three inches and a half diameter, are ſufficient toanſwer 
all the purpoſes they are intended for; and I doubt 
not may be made to riſe to a height, and to afford 
a light capable of being ſeen to conſiderably greater 
diſtances than thoſe before mentioned. EL 
Before I conclude this account, it may not be 
improper to take notice, that, though the heights 
of the rockets are ſet down to a ſingle yard, it is 
not pretended,” the method made uſe of (though 
ſufficient for all the purpoſes of theſe experiments) 
is capable of determining the heights to ſo great an 
exactneſs; for, as they were meaſured by only 
one obſerver, it is evident, that if any of the rockets 
deviated from the perpendicular, ſo as either to 
incline towards the place of obſervation, or to de- 
cline from it, the height would be given either 
greater or leſs than the truth; but as the baſe, upon 
which they were meaſured, was 1190 yards, the greateſt 
error, that can ariſe on this account, will be but 
very inconfiderable, If we ſhould ſuppoſe, there 
might be an error of 30, or even 50 yards, which 
- OO | © 
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is very highly improbable; it muſt then be allowed, 


that ſeveral of theſe rockets roſe to 1000 yards, one 
to 1100, and another to 1200 yards, or double to 
any of thoſe fired in the Green-Park. 

I have been informed, that the relation of this 
affair has appeared ſo very extraordinary to ſome 
rentlemen converſant in ſuch matters, that they 
ave mentioned it as their opinion, that there muſt 
certainly have been ſome miſtake, either. in placing 
the inſtrument, taking the heights, or otherwiſe. 
In anſwer to which I would obſerve, that, in all 
the experiments mentioned in this paper, the heights 
were all taken by the ſame perſon, viz. Mr. Jobn 
Canton, and that the laſt trial was made in the 
preſence of ſeveral very worthy members of this 
Society, That the inſtrument, being firſt fixed to 
a proper angle, was not altered during the whole 
time of trial; and therefore, if there had been any 
miſtake in fixing it, that miſtake would have varied 
the height. of all the rockets as much as thoſe of 
Mr. Da Cofta's ; but it was thoſe of Mr. Da Cofta's 
only, and that at three different trials, which roſe 
to ſuch extraordinary heights; and therefore, I 
think, we have ſufficient reaſon to conclude, that 
their meaſures were certainly taken very near the 
truth, 
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After the foregoing ſheets were printed off, a 
copy of Mr. Robins's diſcourſe about rifled barrels, 
mentioned above, was communica: ed to me by my 
Friend Dr. Brokleſby, phyſician to the army; he 
having received it from colonel Draper, whoſe mar- 
tial atchievements in the Eo/t- Indies have added a 
Farther luſtre to the character of the polite ſcholar 
and fine gentleman. 

This — was read before the Royal Society 
immediately after that at page 218, and is as 
follows. 


OF THE 


NATURE and ADVANTAGE 
| O F 


Rifled Barrel Pieces. - 


EA AVING treated at large in the pre- 

ceding papers of the numerous irre- 
2 i&k| gularities, which take place in moſt of 
DOES) the operations of gunnery by the deflec- 

- tion. of the projectiles from their firſt 
direction, which, as we have ſeen, is occaſioned by 
their whirling motion; it is now but reaſonable to 
conſider of the moſt effectual means for preventing 
theſe troubleſome and perplexing deviations. But 
before I offer any methods of my own for this pur- 
pole, it is proper to deſcribe a practice, which has 
long prevailed in ſeveral parts of Europe; and 
which, though in all probability originally intended 
for different ends, doth yet in many inſtances pre- 
vent the deflection here treated of; the producing of 
this effect being indeed the ſole excellence, all its 
other boaited advantages appearing on examination 
to be only 1 imaginary. | 
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The. method I have here in view, and which I 


propoſe as the ſubject of the preſent eſſay, is that by 


rifled pieces: and theſe pieces, though well known 
on the continent, being but little uſedan Eugland; it 
is neceſſary to give a ſhort deſcription of their make, 
and of the particularities, in which they differ from 
the common pieces. For which purpoſe I muſt ob- 


| ſerve, that the eſſential difference between them is 


this. That a common piece has its barrel ſmooth on 
the inſide, whereas the rifled piece has its cylinder 


cut with a number of ſpiral channels; fo that it is in 


reality a female ſcrew, varying from the fabrick of 
common ſcrews only in this, that its threads or rifles: 
are Jeſs deflected, and approach more to a right line; 
it being uſual for the threads, with which the rifled 
barrel is indented, to take a little more than one turn 
in its whole length. The numbers of theſe threads 
in each barrel are different, according to the fancy of 
the workman, and the ſize of the barrel; and in like 
manner, the depth theſe channels, or rifles, are cut 


down to, is not regulated by any invariable rule; 


bur differs according to the country, where the work 
is performed, or the caprice of the artificer. This is 


the general idea of a rifled barrel, as oppoſed to a 
common one; and the uſual] method of charging it 


(though there are different practices, which will here- 


after be more minutely examined) is this. When 


the proper quantity of powder is put down, a leaden 


bullet is taken a ſmall matter larger, than the bore 
of the piece was, before the rifles were cut; and 
this bullet being laid on the mouth of the piece, and 


being conſequently too large to go down of itſelf, it is 


forced by a ſtrong rammer, impelled by, a mallet, 
and by repeated blows is driven home to the powder; 
and the ſoftneſs of the lead giving way to- the vio- 


lence with which the bullet is impeſled; that zone of 


the bullet, which is contiguous to the piece, varies 
its arcular form; and takes the ſhape of the ng 
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of the barrel : ſo that it becomes the part of a male 
ſcrew, exactly fitting the indents of the rifle. And 


here it happens, that, when the piece is fired, that 
indented zone of the bullet follows the ſweep of the 


rifles; and thereby, beſides its progreſſive motion, 


acquires a circular motion round the axis of the 
iece, which circular motion will be continued to the 
ullet, after its ſeparation from the piece; by which 
means a bullet diſcharged from a rifled barrel is con- 


ſtantly made to whirl round an axis, which is coinci- 


dent with the line of its flight. And hence it fol- 
lows, that the reſiſtance on the foremoſt ſurface of 
the bullet is equally diſtributed round the pole of its 
circular motion; and acts with an equal effort on 
every ſide of the line of direction; ſo that this re- 
ſiſtance can produce no deviation from that line. 
And (which is ſtill of more importance) if by the 


caſual irregularity of the foremoſt ſurface of the 


bullet, or by any other accident, the reſiſtance 
ſhould be ſtronger on one ſide of the pole of the 
circular motion than on the other; yet, as the place, 
where this greater reſiſtance acts, muſt perpetually 
ſhift its poſition round the line, in which the bullet 
flies, the deflection, which this inequality would oc- 
caſion, if it ated conſtantly with the ſame given 
tendency, is now continually rectified by the various 
and contrary tendencies of that diſturbing force, 
during the courſe of one revolution. 

This perpetual correction of a defleCtive effort on 
the foremoſt ſurface of the bullet, in conſequence. of 
the revolution of the bullet round the line of its 
direction, may perhaps be exemplified, by conſider- 
ing what happens to a caſtle-top, whilſt it ſpins upon 


its point. For it will be eaſily acknowledged, that 
| this, without its revolving motion, could not con- 


tinue for the leaſt portion of time in that ſituation, 
And if we examine, how this happens, we ſhall 


find; that, though its center of gravity is not 


exactly 
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exactly over the point, it ſpins on; yet that in- 
equality cannot inſtantly bring it to the ground ac- 
cording to its natural effort; becauſe, during one 
revolution the center of gravity preponderates on 
every ſide of the top; and thereby raiſes it as much 
in one place, as it depreſſed it in another. And this 
reaſoning (ſuppoſing that the tendency of the center 
of gravity of the top to deſcend, be analogous to 
the action of the unequal reſiſtance on the foremoſt 
ſurface of a bullet fired from a rifled barrel) will 
eaſily explain how, notwithſtanding that inequality, 
the bullet keeps true to its track without deflection. 
And what is here advanced, is farther confirmed by 
the general practice with regard to arrows. For it is 
well known to every archer, that the feathers of an 
arrow are placed in a ſpiral form ſo as to make the 
arrow ſpin round its axis, without which it would be 
obvious to the eye, that the arrow undulated in the 


air, and did not keep accurately to its direction. 


And it is owing to the ſame principle, that every 
ſchool-boy finds himſelf under the neceſſity of 
making his ſhuttle- cock ſpin, before he can depend 
upon the truth of its flight, 


This is the general theory of the motion of bul- 


lets diſcharged trom rifled pieces; and it is found by 
experiment, that their actual motions correſpond 


very well with theſe ſpeculations. For the exactneſs, 


which thoſe, who are dexterous in the uſe. of theſe 


pieces, attain to, is indeed wonderful; and that at 
ſuch diſtances, that if the bullets were fired from 
the common pieces, in which the cuſtomary aberra- 


tion takes place, not one in twenty of them could 
ever be traced. ETC 

But what occurs moſt wonderful in this affair, is, 
that a method ſo ſingular and ſo ſucceſsful, and 
which hath been ſo long and generally ves in 
many parts of Germany and Siſſerland, ſhould have 
its theory ſo little underſtood, as it appears to me to 


have 
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have been. For by all, I have been able to recollect, 
I am fully ſatisfied, that neither the inventor of this 
method, nor the practiſers of it, nor any of the 
numerous authors, who have written about it, have 
been at all apprized of the true and genuine advan- 
tages hence ariſing; but have conſtantly repreſented 
the intention of it to be very different, from what J 
have here deſcribed; and have ſuppoſed it to be 
attended with conveniencies, which, by a long ſeries 
of experiments, I know. to be altogether imaginary. , 
For the truth of what I here advance, it might per- 
haps be fufficient to appeal to thoſe gentlemen, who 
have at any time examined artificers, or thole ſkilled 
in the practice of theſe pieces, about the uſe and in- 
tention of the rifles. For I doubt not, but they have 
found, as I have done, that one or all of the three 
following reaſons have been conſtantly alledged. 
Either that the inflammation of the powder was 
greater by the reſiſtance, which the bullet thus 
torced into the barrel gave thereto, and that hereby 
the bullet received a much greater impulſion, than it 
would have done from the ſame quantity of powder 
in a common piece; or that the bullet by the com- 
pounding of its circular and revolving motion did, 
as it were, bore the air, and thereby flew to a much 
greater diſtance, than it would otherwiſe have done; 
or.that by the ſame boring motion it made its way 
much eaſier through all ſolid ſubſtances, and pene- 
trated much deeper into them, than if diſcharged in 
the common manner. | 
Theſe are the reaſons, which I have always heard 
urged upon this occaſion.” . And, as a proof, that 
this is the light, in which thoſe authors have con- 
ſidered it, who have purpoſely treated of the ſubject ; 
I ſhall quote the lateſt, I believe, who hath written 
about it; and who appearing himſelf to be a practi- 
- tioner, and to be extremely inquiſitive and curious in 
every branch of this buſineſs, may be ſuppoſed to 
2 give 
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give the moſt authentick account of what Was gene- 
rally believed in this matter. The perſon, I mean, 
is Fohn George Leutman, fellow of the Imperial 
Academy of Sciences at Peterſburg : in the acts of 
which academy he has publiſhed two diſſertations. 
The firſt of them about the manner of forming theſe 
rifles. De fulcis cochleatis ad datam diſtantiam tubis 

 ſclopetarum refe inducendis. The ſecond containing 
certain curious remarks and experiments on the uſe 
of rifled pieces. Annotationes et experimenta quædam 
0 rariora et curioſa ad rem ſelopetariam pertinentia *. 
In the firſt of theſe tracts he gives the following 
| account of the intention of theſe pieces. | 
Primus, qui hanc finxit in tubis formam, proculdubio 
eum habuit finem, ut globus per gyrum, ope cochlearum, 
inductum, aerem terebrando facilius penetret atque ſecet, 
probiveatque, ne linea directionis, globum impellens, a 
refta nimium aeflefiat via, et tandem corpus reſiſtens, 
ad quod tendit globus, vehementius feriatur et trajecte- 
tur, quando globus gyrando illud perterebrat T. Where, 
though one part of it ſeems to point out that advan- 
tage, which I have above aſſerted to be the only one 
attending this practice ; yet by a more careful atten- 
tion to the words, and by comparing them with 
what he ſays in other places; it appears, that they 
relate to ſome fancied convenience in the impulſe of 
the powder, and not to the rectitude of the track, in 
which the bullet flies. 5 1 
Now that none of the three foregoing reaſons hold 
true in the uſe of theſe pieces; I have ſatisfied my- 
ſelf by numbers of experiments made with rifled 
barrels of various ſizes. For in theſe experiments I 
have found, that the velocity of the bullet, fired 
from a rifled barrel, was uſually leſs than that of the 
bullet fired from a common piece with the ſame pro- 
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portion of powder. Indeed it is but reaſonable to 
expect, that this ſhould be the caſe. For .if the 
rifles are very deep, and the bullet is large enough 
to fill them up, the friction bears a very conſiderable 
proportion to the effort of the powder; and that in 
this caſe the friction is of conſequence enough to 
| have its effects obſerved, I have diſcovered by the 


continued uſe of the ſame barrel. For the metal 


of the barrel being ſoft, and wearing away apace, 


its bore by half a year's uſe was ſenſibly enlarged ; 


and — the depth of its rifles diminiſhed, 
and then I found, that the ſame quantity of the ſame 
powder would give to the bullet a velocity near a 
tenth part greater, than what it had done at firſt, 
And as the velocity of the bullet is not encreaſed by 
the uſe of rifled barrels; ſo neither is the diſtance, 
it flies to, or its penetration into ſolid ſubſtances. 
Indeed theſe two laſt ſuppoſitions appear at firſt ſight 
too chimerical to merit a formal confutation. But I 
cannot help obſerving, that thoſe, who have been 
habituated to the practice of theſe pieces, are very 
excuſable in having given way to — prepoſſeſſions. 
For they conſtantly found, that with them, they 
could fire at a mark with tolerable ſucceſs; though 
it were placed at three or four times the diſtance, to 
which. the ordinary pieces were ſuppoſed to reach. 


And therefore, as they were ignorant of the true 


cauſe of this variety, and did not know, that it aroſe 


only from preventing the deflection of the ball; it 


was not unnatural for them to imagine, that the 


ſuperiority in the effect of the rifled piece was owing, 


either to a more violent impulle at firſt, or to a more 
eaſy paſſage through the air. 1 | 
This may ſuffice as to the general idea of the form 
and convenience of a rifled piece ; and before I enter 


into a detail of the varieties in its fabrick, and manner 


of charging it, or engage in any minute diſcuſſions 
relating thereto z it will be expedient to inſert ſome 


experiments, 
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experiments, by which it will appear, how well it 


anſwers the purpoſe, I have mentioned above; I mean 
that of keeping the ball to its regular track, by pre- - 
venting that deflection, which, as we have ſeen, 
takes place in the bullets fired from common pieces. 
And firſt I conſidered, that in conſequence of the 


reaſoning about the manner, in which it produces 


this effect; it ſhould follow, that the ſame hemi- 
ſphere of the bullet, which lies foremoſt in the piece, 
muſt continue foremoſt during the whole courſe of its 
flight. f i & : | 
To examine this particular, I took a rifled barrel 


carrying a bullet of ſix to the pound; but inſtead of its 


leaden bullet, I uſed a wooden one of the ſame ſize, 
made of a ſoft ſpringy wood, which bent itſelf eaſily 


into the rifles without breaking, And firing the 


piece thus loaded againſt a wall at ſuch a diſtance, as 


the bullet might not be ſhivered by the blow; I 


always found, that the ſame ſurface, which lay fore- 
moſt in the piece, continued foremoſt without any 
ſenſible deflection, during the time of its flight, 
And this was eaſy to be obſerved, by examining. the 
bullet; as both the marks of the rifles, and the 
part that impinged on the wall, were ſufficiently 
apparent. 5 5 


ow, as theſe wooden bullets were but the ſiz- 


teenth part of the weight of thoſe of lead; I con- 
clude, that if there had been any unequal reſiſtance 


or deflective power; its effects muſt have been ex- 
tremely ſenſible upon this light body; and conſe- 


quently in ſome of the trials I made, the ſuriace, 
which came foremoſt from the piece, muſt have 
been turned round into another ſituation. 

But again, I took the ſame piece, and loading it 


now with a leaden ball, I ſer it nearly perpendicular, 
| Noping it only three or four degrees from the per- 


pendicular, in the direction of the wind; and firing 


it in this ſituation, the bullet generally continued 


about 
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about half a minute in the air, it riſing by computa- 
tion to near three quarters of a mile, perpendicular 
height. | „ 5 
| - theſe trials I found, that the bullet commonly 
came to the ground to the leeward of the piece, and 
at ſuch a diſtance from it, as nearly ee ee to 
its angle of inclination, and to the effort of the 
wind; it uſually falling not nearer to the piece than 
a hundred, nor farther from it than a hundred and 
fifty yards. And this is a ſtrong confirmation of 
the almoſt ſteady flight of this bullet for about a' 
mile and a half. For were the ſame trial made with 
a common piece, I doubt not, but the deviation 
would often amourft to half a mile, and perhaps 
conſiderably more ; though this experiment would 
be a very difficult one to examine, on account of the 
little chance there would be of diſcovering, where 
the ball fell. ES, 
Blut it is new time to mention the varieties of theſe _ 
pieces, and the different methods made uſe of in 
different places for charging them. D 
The moſt uſual is doubtleſs, what I have already 
recited, that of forcing a leaden bullet down the 
piece by a ſtrong rammer driven by a mallet. But 
in ſome parts of Germany and Swriſſerland, an im- 
| provement is added to this practice; eſpecially in 
the larger pieces, which are uſed for ſhooting at 
great diſtances. * 3 
This is done by cutting a piece of very thin lea- 
ther, or of thin fuſtian, in a circular ſhape, ſome- 
what larger than the bore of the barrel. This circle 
being greaſed on one ſide is laid upon the muzzle with 
its greaſy part downwards, and the bullet, being 
placed upon it, is then forced down the barrel with 
it; by which means the leather or fuſtian incloſes the 
lower half of the bullet, and by its interpoſition be- 
tween the bullet and the rifles, prevents the lead from 
being cut by them. But it muſt be ä 
| | | that 
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that in thoſe barrels, where this is practiſed, the 
rifles are generally ſhallow, and the bullet ought not 
to be too large. 5 EN | 
As both theſe methods of charging at the mouth 
take up a good deal of time; the rifle barrels,” which 
have been made in England (for I remember not to 

have ſeen it in any foreign piece) are contrived to 
be charged at the breech, where the piece is for this 
purpoſe made larger than in- any other part. And 
the powder and bullet are put in through the fide 
of the barrel by an opening, which, when the piece 
is loaded, is filled up with a ſcrew. By this means, 
when the piece is fired, the bullet is forced through 
the rifles, and acquires the ſame ſpiral motion as in 
the former kind of pieces. And perhaps ſomewhat 
of this kind, though not in the manner now prac- 
tiſed, would be of all others the moſt perſect method 
for the conſtruction of theſe ſorts of barrels. | 
After what hath been ſaid of the advantages of 
theſe pieces, I muſt make a few animadverſions upon 
their defects. And in the firſt place I muſt obſerve, 
that though the bullet impelled from them Keeps'for 
a time to its regular track with ſufficient nicety; yet, 
if its flight be fo far extended, that its track is much. 
incurvared, it will then often undergo conſiderable 
deflections. This according to my experiments ariſes 
from the angle at laſt made by the axis, on which 
the bullet turns, and the direction in which it flies; 
fcx that axis continuing nearly parallel to itſelf, it 
muſt neceſſarily diverge from the line of the flight 
of the bullet; when that line is bent from its ori- 
ginal direction; and when it once happens, that the 
bullet whirls on an axis, which no longer coincides 
with the line of its flight; then the unequal reſiſtance 
deſcribed in the former papers will take place, and 
the deflecting power hence ariſing will perpetually 
encreaſe, as the track of the bullet, by having its 
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range extended, becomes more and more. incur- 
vated. 

This matter I have experienced in a ſmall rifled bar» 
re} piece carrying a leaden ball of near half an ounce 
1 . 4 For this piece, charged with one drachm 

powder, ranged about 550 yards, at an angle of 

N al e degrees, with ſufficient regularity ; but being 

eee elevated to twenty - four degrees, it then 

ranged very irregularly, generally deviating from the 

line of its direction to the. left, and in one al not 
leſs than one hundred yards. 

This apparently aroſe from the cauſe x as men- 
tioned, as was confirmed by its conſtant deflection 
to the left 3 for by conſidering, how the revolving 
motion was continued with the progreſſive one, it 
appeared, chat a en that way was to be ex- 
_ pected. | 

The beſt remedy, J can think of for this defect, 
is the making uſe of bullets of an egg- like form in- 

ſtead of ſpherical ones. For if ſuch a bullet hath 
its ſhorter axis made to fit the piece, and it be placed 
in the barrel with its ſmaller end downwards; then 
it it will acquire by the rifles a rotation round its larger 
axis 3 and its center of gravity lying nearer to ts 
forepart than its hinder part, its longer axis will be 
conſtantly forced by the reſiſtance of the air into the 
line of its flight. As we ſee, that by the ſame 
means arrows conſtantly lie in the line of their direc- 
tion, however that line be incurvated. 

But beſides this irregularity already treated of, 
there is another circumſtance in the uſe of theſe 
pieces, which renders the flight of the bullets uncer- 
rain, when fired at a conſiderable elevation. For I 
find by my experiments, that the velocity of a bullet 
Hred with the ſame quantity of powder from a rifled 
barrel, varies much more from itſelf in different 
trials, than ben fired om a common piece. 
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This, as 1 conceive, is owing to the great quan- 
tity of friction, and the impoſſibility of rendering it 


equal in each experiment. Indeed if the rifles are 
not deeply cut, and if the bullet is nicely fitted to 


the piece, ſo as not to require a great force to drive 
it down, and it leather or fuſtian well greaſed is made 


uſe of between the bullet and the barrel in the man- 


ner deſcribed above; perhaps by a careful attention 


to all theſe particulars, great part of the inequality 
in the velocity of the bullet may be prevented, and 


the difficulty in queſtion be in ſome meaſure ob- 


viated: but till this be done, it cannot be doubted, 


but the range of the ſame piece at an elevation will 
vary conſiderably in each trial; although the charge 
be each time the ſame. And this I have myſelf ex- 


perienced in a number of diverſified trials with a rifled 


barrel piece, loaded at the breech in the Engliſ 
manner. For here the rifles being indented very 
deep, and the bullet being ſo large as to fill them 
up compleatly; I found, that, though it flew with 
a ſufficient exactneſs to the diſtance of four or five 
hundred yards; yet, when it was raifed to an angle 
of about twelve degrees (at which angle being fired 
with about one fifth of its weight in powder, its 


medium range is nearly a thouſand yards) in this 


caſe, I ſay, 1 found, that its range was variable, 
although the greateſt care was taken to prevent any 
inequalities in the quantity of the powder, or the 
manner of charging. And as in this caſe, the angle 
was too ſmall for the firſt mentioned irregularity to 
produce the obſerved effects; they can only be im- 
puted to the different velocities, which the bullet 
each time received by the unequal. action of the 
friction. : RE 
From all that has been ſaid then about the uſe of 
rifled barrel pieces; it is ſufficiently obvious, that 
whatever tends to diminiſh the friftion of theſe 
Pieces, tends at the ſame time to render them mofe 
; X 3 compleat; 
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compleat; and conſequently it is a deduction fro 
hence, that the leſs the rifles are indented, the better 
they are; provided they are juſt ſufficient to keep 
the bullet from turning round in the piece. It like- 
wiſe follows too, that the bullet ought to be no 
larger than to be juſt preſſed by the rifles; for the 
eaſier the bullet moves in the piece, ſuppoſing it not 
to ſhift its poſition, the more violent and accurate 
will its flight be. And to render this laſt article the 
more compleat; it is neceſſary, that the ſweep of 
the rifles ſhould be in each part exactly parallel to 
each other. For then, after the bullet is once put 
in motion, it will ſlide out of the barel without any 
ſhake, and with a much ſmaller degree of friction, 
than if the threads of the rifles have not all of them 
the ſame degree of incurvation. 

T he foreigners are ſo exact in- this article, that 
they try their pieces as to this particular by a ſin- 
gular artifice. For they firſt pour melted lead into 
them, and letting it cool, they procure a leaden 
cylinder of perhaps two or three diameters in length, 
exactly fitted to one part of the inſide of the piece; 
then if this leaden cylinder, being gently puſhed by 
the rammer, will pals from one end of the barrel to 
the other without any ſenſible ſtrain or effort, they 
pronounce the piece perfect; but if it any where ſticks 
or moves hard, they eſteem it defective. | 
From the nature of theſe pieces it is plain, that 
they can only be made uſe of with leaden bullets ; 
and conſequently cannot be adapted to the adjuſting 
of the motions of either ſhells, or cannon-bullets. . 
However from the ſame principle, whence theſe 
pieces derive their perfection, other artifices may 
be deduced for the regulating the flight of theſe 
more ponderous bodies. On fome of theſe methods, 
which have occurred to me, I have already made 
ſeveral experiments; and there are others, which I 
have more lately conſidered, and which appear to 
| me 
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me to be infallible, But there are many reaſons, 


why I ſhould not now engage in a circumſtantial 
diſcuſſion of this kind. 1 ſhall therefore cloſe 
this paper with predicting, that whatever ſtate 
ſhall thoroughly comprehend the nature and advan- 
tages of rifled barrel pieces, and, having facilitated 
and compleated their conſtruction, ſhall introduce 
into their armies their general uſe with a dexterity in 
the management of them ; they will by this means 
acquire a ſuperiority, which will almoft equal any 


thing, that has been done at any time by the par- 


ticular excellence of any one kind of arms; and 
will perhaps fall but little ſhort of the wonderful 
effects, which hiſtories relate to have been formerly 
produced by the firſt inventors of fire-arms. 
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